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Bobby R. Wells was born July 30, 1934, at Wick-
liffe, Kentucky. He received his B.S. degree in agriculture 
from Murray State University in 1959, his M.S. degree in 
agronomy from the University of Arkansas in 1961, and his 
Ph.D. in soils from the University of Missouri in 1964. Wells 
joined the faculty of the University of Arkansas in 1966 after two years as an assistant 
professor at Murray State University. He spent his first 16 years at the University of 
Arkansas System Division of Agriculture’s Rice Research and Extension Center near 
Stuttgart. In 1982, he moved to the University of Arkansas Department of Agronomy 
in Fayetteville.
Wells was a world-renowned expert on rice production with special emphasis in 
rice nutrition and soil fertility. He had a keen interest in designing studies to determine 
how the rice plant reacted to different cultural practices and nutrient supplementation: 
including timing and rates of nitrogen, phosphorus, and potassium fertilization; zinc 
fertilization of high pH soils; irrigation methods; dates and rates of seeding and the 
reasons for differing responses. 
Wells was a major participant in the pioneering effort by University of Arkansas 
Division-based scientists in the development of the Degree-Day 50 (DD50) computer 
rice production program which assists growers with 26 management decisions during 
the season based on temperature, rice cultivar, and growth stage; including herbicide 
application, critical times to scout and spray for insects and diseases, and nitrogen fer-
tilizer application. The DD50 program developed in the 1970s remains a vital program 
to this day in assisting growers, consultants and extension agents in making important 
management decisions concerning inputs to optimize rice yield and quality. Other rice-
growing states have followed suit in this important development and have copied the 
Arkansas DD50 program.
He was the principle developer of the nitrogen fertilizer application method 
known famously at the time as the Arkansas 3-way split application strategy; who his 
successor discovered, using the isotopic tracer N-15, to be the most efficient method 
(i.e., as concerns nitrogen uptake) of fertilizing rice with nitrogen in the world. The 
application method has since been modified to a 2-way split, because of the release 
of new short stature and semi-dwarf cultivars, but its foundation was built on Wells’ 
3-way split method.
Wells was a major participant in the development of cultivar-specific recom-
mendations for getting optimum performance from new cultivars upon their release 
and reporting research results at Cooperative Extension Service meetings as well as 
in the Extension Service publications, even though he had no extension appointment; 
he just did what he thought was best for the Arkansas rice farmer. He made numerous 
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presentations at annual meetings of the Tri-Societies and Rice Technical Working Group, 
published many journal articles, and several book chapters. He loved being a professor 
and was an outstanding teacher who taught a course in soil fertility and developed a 
course in rice production. Both courses are still being taught today by his successors. 
The rice production course he developed is the only rice production course being taught 
in the USA to the best of our knowledge.
Wells was very active in the Rice Technical Working Group (RTWG), for which 
he served on several committees, chaired and/or moderated Rice Culture sections at 
the meetings, and was a past secretary/program chair (1982-1984) and chairman (1984-
1986) of the RTWG. He was appointed head of the Department of Agronomy (later 
renamed the Department of Crop, Soil, and Environmental Sciences) in 1993 and was 
promoted to the rank of University Professor that year in recognition of his outstanding 
contributions to research, teaching, and service.
Among the awards Wells received were the Outstanding Faculty Award from the 
Department of Agronomy (1981), the Distinguished Rice Research and/or Education 
Award from the Rice Technical Working Group (1988), and the Outstanding Researcher 
Award from the Arkansas Association of Cooperative Extension Specialists (1992). He 
was named a Fellow in the American Society of Agronomy (1993), and posthumously, 
the Distinguished Service Award from the RTWG (1998) and induction into the Arkansas 
Agriculture Hall of Fame (2017). Wells edited this series when it was titled Arkansas 
Rice Research Studies from the publication’s inception in 1991 until his death in 1996. 
Because of Wells’ contribution to rice research and this publication, it was renamed the 
B.R. Wells Rice Research Studies in his memory starting with the 1996 publication. 
The name of this publication was modified in 2014 to the B.R. Wells Arkansas Rice 
Research Studies.
Rick has been the senior editor of this publication since 
1995 when his friend and mentor, Dr. Bobby Wells, assigned 
him the task. He greatly appreciates the help over the years 
of his co-editors, especially Dr. Karen Moldenhauer who has 
been a co-editor the longest. Rick feels very fortunate that 
the University of Arkansas System Division of Agriculture 
and the CSES department hired him and appreciates their 
support over his career. He also is grateful to the rice industry and greatly appreciates 
the Arkansas Rice Research and Promotion Board for funding his research proposals 
the last 35 years. He has served as an Ecosystem coordinator to the Board since 2004. 
Rick was born in Red Bud, Illinois, on October 8, 1953.  He grew up in St. Louis 
County (Overland and Bridgeton) and graduated from Pattonville High School in 1972, 
where he lettered in football and track, and was on the student council his senior year. 
Growing up he enjoyed following the Cardinals, swimming, camping, fishing, and golf. 
From an early age, he had an interest in the space race and science. He owned the largest 
chemistry sets Gilbert made and enjoyed conducting chemistry experiments, making 
fireworks, and shooting off Estes model rockets with his friends.
In the fall of 1972, Rick enrolled at the University of Missouri and his love of sci-
ence and the outdoors led him to agriculture and to major in agronomy with an emphasis 
in soil science. He graduated with a B.S. in 1976 and promptly entered graduate school 
to pursue an M.S. in the Agronomy department at Mizzou on an assistantship from the 
Atomic Energy Commission. His advisor was Dr. E.R. Graham, a soil chemist and an 
expert in the use of radioactive isotopes as tracers. He received his M.S. in 1978 and he 
and his wife Gwen moved to the University of Illinois, Champaign-Urbana, to pursue a 
Ph.D. in the chemistry of soil fertility under the advisement of Dr. L.T. Kurtz. Rick went 
to the U of I because he had worked with radioactive isotopes at Mizzou and wanted to 
work with the stable isotope, 15N, and its analysis. Dr. Kurtz told Rick he wanted him to 
go over to the chemistry department, learn their analytical methods and bring them back 
to our discipline. Rick took so many analytical chemistry and isotopic tracer courses 
the graduate students in analytical chemistry at the U of I thought he was one of them.
Upon graduation from the U of I in 1983, Rick was hired as an assistant professor 
in the Agronomy Department at the U of A and was stationed at the Rice Research and 
Extension Center near Stuttgart, Arkansas. He feels very fortunate and blessed he was 
hired by the U of A because he had three great mentors, Dr. Bobby Wells, Mr. Bobby 
Huey, and Dr. John Gilmour, to teach him rice production and critique his research ideas 
and proposals. Rick’s marching order was to use the 15N isotopic tracer to determine 
the fate of nitrogen fertilizer applied to rice and find out where it was all going. It was 
thought at the time that rice was the most inefficient of all the agronomic crops in its 
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utilization of nitrogen fertilizer and this concerned rice scientists in Arkansas. This 
thought had come out of Asia where rice was grown in a transplanted system and the 
nitrogen fertilizer applied directly into the floodwater. The transplanted system was very 
different from the direct-seeded, delayed flood system practiced in Arkansas where most 
of the nitrogen fertilizer is applied on dry soil preflood and then the remainder applied 
into the floodwater during reproductive growth in small amounts to a large, actively 
growing plant. What Rick found in his research with the 15N isotopic tracer was that 
the way the nitrogen fertilizer was applied and managed in the direct-seeded, delayed 
flood system practiced in Arkansas was very efficient as concerns nitrogen utilization 
by the rice crop and was probably the most efficient system in the world for rice and 
probably for any agronomic crop. This showed him that the scientists mentoring him 
were very good and that his career was in good hands.
Major research accomplishments by Rick and his primary collaborators (e.g., 
Drs. Wells, Gilmour, Wilson, Slaton, Roberts, Bollich, Helms, Hardke) over the years 
are as follows: showing delayed flood rice was very efficient in its uptake of nitrogen 
fertilizer and probably the most efficient system in the world for growing rice; label-
ing crop residues with 15N to determine their nitrogen contribution to the successive 
rice crop; discovering the loss of nitrogen from the rice plant that showed the nitrogen 
uptake efficiency of rice was even higher than we previously believed and changed our 
sampling time from maturity to heading for determining maximum nitrogen uptake; 
reclamation of precision graded silt loam soils using poultry litter and phosphorus; 
research on urea and other nitrogen fertilizers applied at different times during season 
that proved to the ag community that our nitrogen recommendations were correct as 
to the best source, time, and rate to apply for maximum grain and milling yield and 
that they were sound agronomically, economically, and environmentally; defining the 
width of the application windows for preflood and midseason nitrogen applications; 
showed that ammonia volatilization of the preflood urea was a loss process that de-
served attention and the utility of the urease inhibitor NBPT and ammonium sulfate 
for minimizing this loss mechanism; delineated the similarities and differences in 
fertilizer, native soil, and total nitrogen uptake between hybrid and pure-line rice; and 
the development of the nitrogen-soil test for rice, N-STaR.  A special thanks to those 
not previously mentioned: the research associates and technicians (e.g., D. Frizzell, E. 
Pipkins, A. Smartt) and all the other wonderful graduate students that have aided Rick 
and his collaborators over the years.
The research conducted by Rick and his collaborators brought a few honors and 
awards his way: three Rice Technical Working Group (RTWG) Distinguished Rice Re-
search & Education Awards (two team and one individual), two University of Arkansas 
Division of Agriculture John White Team Research Awards, Career Research Award 
from the Southern Branch of the American Society of Agronomy, Fellow in ASA and 
SSSA, USA Rice Federation Rice Industry Award, Rice Researcher of the Year Award 
from the National Conservation Systems Conference, Research Award of Merit from the 
Arkansas Chapter of Gamma Sigma Delta, Editor’s Citation for Excellence in Manuscript 
Review from the SSSA, Certificates of Excellence for Educational Materials from ASA, 
and the N-STaR research group was granted a US patent. Dr. Trent Roberts deserves 
special thanks for his hard work on N-STaR and the patent application.
Rick was active in the Rice Technical Working Group, serving as: Chair of Local 
Arrangements Committee, Executive Committee, Chair of Nominations Committee, 
Secretary/Program Chair, Chairman, Past Chairman, and author of the RTWG Manual 
of Operating Procedures. He served the Soil Science Society of America as: reviewer 
of manuscripts; Committee Member of the Div. S-4, Soil Fertility and Plant Nutrition 
Officers; Nomination Committee Member for Div. S-4 Officers; Chair of Div. S-4 
Officers Committee; Chair of Nominations Committee for Div. S-4 Officers; Member 
and co-chair of the Leo M. Walsh Soil Fertility Distinguished Lectureship Committee; 
Nominations Committee Member for SSSA President-Elect; and Chair and Past Chair 
of Div. S-4.
Rick taught several courses during his career. In 1994 he began teaching a section 
of the new Research Techniques in Agronomy course (i.e., the use of radioactive and 
stable isotopes as tracers), commuting from Stuttgart each week. In 1995, Rick and 
his family transferred to the main campus and he began also teaching Rice Production 
and Soil Fertility. In the early 2000s, Dr. Slaton took over teaching Soil Fertility and 
Rick began teaching Advanced Soil Fertility and Plant Nutrition with Dr. Purcell. Rick 
always found teaching a demanding and rewarding experience. Teaching taught him to 
always ask how his research studies were advancing his teaching of soil fertility and 
rice production. He greatly appreciates Drs. Cartwright, Bernhardt, Hardke, Lorenz, 
and Scott for teaching their area of expertise in Rice Production.
Rick believes he was very fortunate in his career and life. He grew up in a loving 
family and married a wonderful woman. It was at an exchange between his fraternity, 
Delta Upsilon, and the Gamma Phi Beta sorority that he met his future wife Gwen Go-
eres. The two became friends, began dating steady in October 1974, and were married 
in August 1977 shortly after Gwen graduated. Gwen obtained a B.S. in education with 
an emphasis in special education from Mizzou. She taught while he was in graduate 
school which enabled them to have a decent income and allowed him to concentrate 
on his studies. Upon graduating from the U of I they moved to Arkansas and had two 
wonderful children; James in 1984 and Catherine in 1989, both Fayetteville H.S. and 
U of A graduates. Rick greatly appreciates Gwen, James, and Catherine tolerating him 
being gone so much conducting his research in eastern Arkansas and attending meetings.
Most of the research results in this publication were made possible through 
funding provided by the rice farmers of Arkansas and administered by the Arkansas 
Rice Research and Promotion Board. We express sincere appreciation to the farmers 
and to the members of the Arkansas Rice Research and Promotion Board for their vital 
financial support of these programs.
The Arkansas Rice Research and Promotion Board
Joe Christian Jonesboro (Secretary/Treasurer)
Jay Coker Stuttgart (Chairman) 
David Gairhan Jonesboro
Marvin Hare Jr. Newport
Rich Hillman Carlisle
Bryan Moery Wynne
Roger Pohlner Fisher (Vice-Chairman)
Jim Whittaker McGehee
Wayne Wiggins Jonesboro
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OVERVIEW AND VERIFICATION
Trends in Arkansas Rice Production, 2018
J.T. Hardke1
Abstract
Arkansas is the leading rice-producer in the United States. The state represents 47.9% 
of total U.S. rice production and 49.0% of the total acres planted to rice in 2018. Rice 
cultural practices vary across the state and across the U.S. However, these practices are 
also dynamic and continue to evolve in response to changing political, environmental, 
and economic times. This survey was initiated in 2002 to monitor and record changes in 
the way Arkansas rice producers approach their livelihood. The survey was conducted 
by polling county extension agents in each of the counties in Arkansas that produce 
rice. Questions included topics such as tillage practices, water sources and irrigation 
methods, seeding methods, and precision leveling. Information from the University of 
Arkansas System Division of Agriculture’s Degree-Day 50 (DD50) Rice Management 
Program was included to summarize variety acreage distribution across Arkansas. Other 
data was obtained from the USDA National Agricultural Statistics Service.
Introduction
Arkansas is the leading rice producer in the United States in terms of acreage 
planted, acreage harvested, and total production. Each year, rice planting typically 
ranges from late March into early June with harvest occurring from late August to early 
November. Rice production occurs across a wide range of environments in the state. The 
diverse conditions under which rice is produced leads to variation in the adoption and 
utilization of different crop management practices. To monitor and better understand 
changes in rice production practices, including adoption of new practices, a survey was 
initiated in 2002 to record annual production practices. Information obtained through 
this survey helps to illustrate the long-term evolution of cultural practices for rice pro-
duction in Arkansas. It also serves to provide information to researchers and extension 
personnel about the ever-changing challenges facing Arkansas rice producers.
1 Rice Extension Agronomist, Department of Crop, Soil, and Environmental Sciences, Rice Research and 
Extension Center, Stuttgart.
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 Procedures
A survey has been conducted annually since 2002 by polling county agriculture 
extension agents in each of the counties in Arkansas that produce rice. Questions were 
asked concerning topics such as tillage practices, water sources and irrigation methods, 
seeding methods, and precision leveling. Acreage, yield, and crop progress information 
was obtained from the USDA National Agricultural Statistics Service (http://www.nass.
usda.gov). Rice cultivar distribution was obtained from summaries generated from the 
University of Arkansas System Division of Agriculture’s Degree-Day 50 (DD50) Rice 
Management Program enrollment.
Results and Discussion
Rice acreage by county is presented in Table 1 with distribution of the most widely 
produced cultivars. Cultivar RT XP753 was the most widely planted in 2018 at 22.1% 
of the acreage, followed by Diamond (20.0%), RT CLXL745 (11.3%), RT Gemini 214 
CL (10.7%), CL153 (8.4%), Jupiter (6.0%), Titan (4.9%), RT 7311 CL (4.4%), CL151 
(2.2%), and CL272 (1.4%). Additional cultivars of importance in 2018, though not shown 
in the table, were RT XP760, RT CLXL729, CL172, CL111, Roy J, PVL01, and LaKast.
Arkansas planted 1,441,000 acres of rice in 2018 which accounted for 48.9% of 
the total U.S. rice acres (Table 2). The state-average yield of 7520 lb/acre (167 bu./
acre) represented a 30 lb/acre increase compared to 2017. This represented the third 
highest state average yield for Arkansas on record. High temperatures and light inten-
sity from May through July seemed primarily responsible for favorable rice growth 
and development leading to favorable yields. Final harvested acreage in 2018 totaled 
1,427,000 (Table 1). The total rice produced in Arkansas during 2018 was 107.3 million 
hundredweight (cwt). This represents 47.9% of the 224.2 million cwt produced in the 
U.S. during 2018. Over the past three years, Arkansas has been responsible for 47.1% 
of all rice produced in the U.S (Table 2). The seven largest rice-producing counties by 
acreage in Arkansas during 2018 included Poinsett, Jackson, Lawrence, Cross, Lonoke, 
Clay, and Arkansas, representing 46.7% of the state’s total rice acreage (Table 1).
Planting in 2018 began slightly behind the 5-year state average due to cold, 
wet conditions during April (Fig. 1). Planting progress had reached 27% by 15 April 
compared to 33% planting progress averaged across the previous five years. Planting 
progress increased dramatically in late April and early May as dry, hot conditions set in 
throughout the state. By 13 May, 92% of acres had been planted compared to the five-
year average of 85%. As harvest began, abnormal conditions set in which made harvest 
erratic. By 16 September, harvest progress had reached 47% which was identical to the 
5-year average (Fig. 2). About 77% of the crop had been harvested by 30 September 
compared with the 5-year average of 75% harvest progress on the same date. However, 
it should be noted that many acres were harvested under wet field conditions, causing 
harvest to lag behind the potential desired pace. Harvest progress was complete (100%) 
by 25 November, nearly a full month behind that for 2017 (29 October).
Approximately 51% of the rice produced in Arkansas was planted using con-
ventional tillage methods in 2018 (Table 3). This usually involves fall tillage when the 
weather cooperates, followed by spring tillage to prepare the seedbed. The remainder 
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of rice acres was planted using stale seedbed (43.2%) or no-till (6.4%) systems. True 
no-till rice production is not common but is practiced in a few select regions of the state.
More rice is produced on silt loams soils (49.0%) than any other soil texture 
(Table 3). Rice production on clay or clay loam soils (24.3% and 21.3%, respectively) 
has become static over recent years after steadily increasing through 2010. These dif-
ferences in soil texture present unique challenges in rice production such as tillage 
practices, seeding rates, fertilizer management, and irrigation.
Rice most commonly follows soybean in rotation, accounting for 68.5% of the 
rice acreage (Table 3). Approximately 25% of the acreage in 2018 was planted following 
rice, with the remainder made up of rotation with other crops including cotton, corn, 
grain sorghum, wheat, and fallow. The majority of the rice in Arkansas is produced 
in a dry-seeded, delayed-flood system with only 4.6% using a water-seeded system. 
Annually, approximately 86% of all the Arkansas rice acreage is drill-seeded with the 
remaining acreage broadcast-seeded (dry-seeded and water-seeded).
Irrigation water is one of the most precious resources for rice producers in Arkan-
sas. Reports of diminishing supplies have prompted many producers to develop reservoir 
and/or tailwater recovery systems to reduce the “waste” by collecting all available water 
and re-using. Simultaneously, producers have tried to implement other conservation 
techniques to preserve the resource vital to continued production. Groundwater is used 
to irrigate 76.0% of the rice acreage in Arkansas with the remaining 24.0% irrigated 
with surface water obtained from reservoirs, rivers, streams and/or bayous (Table 3).
During the mid-1990s, the University of Arkansas System Division of Agriculture 
began educating producers on multiple-inlet irrigation which uses poly-tubing as a 
means of irrigating rice to conserve water and labor. As of 2018, rice farmers utilize this 
practice on 33.1% of the rice acreage (Table 3). Most remaining acreage is still irrigated 
with conventional levee and gate systems. Intermittent flooding is another means of 
irrigation increasing in interest recently as a means to reduce pumping costs and water 
use; but the practice accounts for only 2.8% of acreage at this time. Additional interest 
has risen in growing rice in a furrow-irrigated system (row rice) as is common with 
soybean or corn as a means to simplify crop rotation and management and currently 
accounts for 7.7% of acreage compared to 3.5% in 2017.
Stubble management is important for preparing fields for the next crop, particu-
larly in rice following rice systems. Several approaches are utilized to manage the rice 
straw for the next crop, including tillage, burning, rolling, and winter flooding (Table 
3). In 2018, 27.6% of the acreage was burned, 36.2% was tilled, 39.7% was rolled, 
and 27.2% was winter flooded. Combinations of these systems are used in many cases. 
For example, a significant amount of the acreage that is flooded during the winter for 
waterfowl will also be rolled. Some practices are inhibited by fall weather, and the wet 
fall weather in 2018 resulted in a decrease in burning and tillage, but a subsequent rise 
in rolling and winter flooding.
Contour levee fields accounted for 47.9% of rice acres in 2018 (Table 3). Precision-
leveled, or straight levee, fields represented 39.3% and zero-graded fields, 12.8%. Each 
year growers attempt to make land improvements where possible to improve overall 
rice crop management, particularly related to water management. Modifying the slope, 
and subsequently the levee structure and arrangement in fields, can have a profound 
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impact on the efficiency of rice production. Straight levee and zero-grade fields have 
shown to significantly reduce water use in rice production in Arkansas.
The use of yield monitors at harvest (74.3%) and grid soil sampling (37.9%) 
have increased slightly in recent years (Table 3). However, only 29.4% of rice acres are 
fertilized using variable rate equipment. Urea stabilizers (products containing NBPT) 
are currently used on 81.1% of rice acres in Arkansas to limit nitrogen losses due to 
ammonia volatilization. The use of the Nitrogen Soil Test for Rice (N-STaR) remains 
low at 5.4% of acres, but additional tools are being developed to improve confidence 
and adoption of this practice. In addition, programs such as Pipe Planner, PHAUCET, 
and MIRI Rice Irrigation were used on 28.8% of rice acres in 2018.
Pest management is vital to preserve both yield and quality in rice. Foliar fun-
gicide applications were made on 56.7% of rice acres in 2018 (Table 3). Conditions 
favorable for the development of disease occurred earlier than normal due to rapid plant 
growth. Approximately 39% of rice acres received a foliar insecticide application due 
to rice stink bug infestation levels which were low to moderate overall. Insecticide 
seed treatments were used on 73.9% of rice acreage as producers continue to utilize 
this technology each year due to its early season benefits for both insect control and 
improved plant growth and vigor.
Clearfield rice continues to play a significant role in rice production in Arkansas. 
This technology (all cultivars combined) accounted for 42% of the total rice acreage 
in 2018 (Fig. 3). Proper stewardship of this technology will be the key to its contin-
ued success on the majority of rice acres. In areas where stewardship has been poor, 
imadazolinone-resistant barnyardgrass has been discovered. Evidence of these resistant 
populations may have served to reduce the number of Clearfield acres by emphasiz-
ing the negative effects of improper technology management. In addition, multiple 
years of this technology and crop rotation have likely cleaned up many red rice fields 
to the point where they can be safely returned to conventional rice production. A new 
herbicide-resistant technology, Provisia, became available on limited acres in 2018, 
and will likely increase in the future.
Significance of Findings
State average yields over the past 20 years in Arkansas have increased from an 
average of 131 bu./acre in 1996–1998 to an average of 162 bu./acre in 2016–2018, 
an increase of 31 bu./acre. This increase can be attributed to the development and 
adoption of more productive cultivars and improved management practices, including 
better herbicides, fungicides, and insecticides, improved water management through 
precision-leveling and multiple-inlet irrigation, improved fertilizer efficiency via timing 
and the use of urease inhibitors, and increased understanding of other practices such as 
seeding dates and tillage. Collecting this kind of information regarding rice production 
practices in Arkansas is important for researchers to understand the adoption of certain 
practices as well as to understand the challenges and limitations faced by producers in 
field situations.
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 Table 3. Acreage distribution of selected cultural practices for Arkansas 
rice production from 2016 to 2018a. 
Cultural Practice 
2016  2017  2018 
Acreage % of total  Acreage % of total  Acreage % of total 
Arkansas rice acreage 1,521,000 100.00  1,104,000 100.00  1,427,000 100.00 
Soil Texture 
     Clay 
     Clay loam 
     Silt loam 
     Sandy loam 
     Sand 
 
363,146 
313,327 
734,481 
96,343 
13,703 
 
23.9 
20.6 
48.3 
6.3 
0.9 
  
264,556 
253,048 
524,393 
46,521 
15,482 
 
24.0 
22.9 
47.5 
4.2 
1.4 
  
346,780 
304,652 
699,065 
59,547 
16,957 
 
24.3 
21.3 
49.0 
4.2 
1.2 
Tillage practices 
     Conventional 
     Stale seedbed 
     No-till 
 
928,017 
536,682 
56,301 
 
61.0 
35.3 
3.7 
  
567,141 
482,989 
53,870 
 
51.4 
43.7 
4.9 
  
720,177 
616,087 
90,736 
 
50.5 
43.2 
6.4 
Crop rotations 
     Soybean 
     Rice 
     Cotton 
     Corn 
     Grain sorghum 
     Wheat 
     Fallow 
     Other 
 
1,040,054 
309,667 
1908 
60,890 
22,621 
16,864 
65,471 
3525 
 
68.4 
20.4 
0.1 
4.0 
1.5 
1.1 
4.3 
0.2 
  
775,246 
255,716 
810 
41,419 
3151 
810 
26,849 
0 
 
70.2 
23.2 
0.1 
3.8 
0.3 
0.1 
2.4 
0.0 
  
977,377 
360,398 
853 
49,066 
1941 
1194 
32,907 
3265 
 
68.5 
25.3 
0.1 
3.4 
0.1 
0.1 
2.3 
0.2 
Seeding methods 
     Drill-seeded 
     Broadcast-seeded 
     Water-seeded 
 
1,288,211 
232,789 
82,791 
 
84.7 
15.3 
5.4 
  
922,503 
181,497 
67,271 
 
83.6 
16.4 
6.1 
  
1,222,743 
204,257 
65,185 
 
85.7 
14.3 
4.6 
Irrigation water 
   sources 
     Groundwater 
     Stream, rivers, etc. 
     Reservoirs 
 
1,126,578 
211,537 
182,885 
 
74.1 
13.9 
12.0 
  
808,910 
147,487 
147,603 
 
73.3 
13.4 
13.4 
  
1,084,271 
173,161 
169,568 
 
76.0 
11.9 
12.1 
Irrigation methods 
     Flood, levees 
     Flood, multiple inlet 
     Intermittent (AWD) 
     Furrow 
     Sprinkler 
     Other 
 
942,868 
503,719 
33,616 
40,797 
0 
0 
 
62.0 
33.1 
2.2 
2.7 
0.0 
0.0 
  
659,547 
368,401 
36,907 
39,018 
127 
0 
 
59.7 
33.4 
3.3 
3.5 
0.0 
0.0 
  
804,542 
472,225 
39,448 
109,472 
31 
0 
 
56.4 
33.1 
2.8 
7.7 
0.0 
0 
Stubble management 
     Burned 
     Tilled 
     Rolled 
     Winter flooded 
 
668,592 
666,375 
383,633 
330,233 
 
44.0 
43.8 
25.2 
21.7 
  
491,927 
522,690 
264,858 
226,776 
 
44.6 
47.3 
24.0 
20.5 
  
394,040 
516,563 
566,202 
388,461 
 
27.6 
36.2 
39.7 
27.2 
Land management 
     Contour levees 
     Precision-level 
     Zero-grade 
 
703,436 
607,274 
210,290 
 
46.2 
39.9 
13.8 
  
528,556 
418,990 
156,454 
 
47.9 
38.0 
14.2 
  
684,144 
560,541 
182,315 
 
47.9 
39.3 
12.8 
Precision agriculture 
     Yield monitors 
     Grid sampling 
     Variable-rate 
        fertilizer 
     Use pipe planner, 
        Phaucet, etc. 
     Use urea stabilizer 
        (NBPT) 
     N-STaR 
 
1,002,492 
456,706 
397,670 
 
-- 
 
-- 
 
165,013 
 
65.9 
30.0 
26.1 
 
-- 
 
-- 
 
10.8 
  
779,179 
395,431 
280,321 
 
-- 
 
857,937 
 
52,073 
 
70.6 
35.8 
25.4 
 
-- 
 
77.7 
 
4.7 
  
1,060,779 
541,455 
419,201 
 
410,652 
 
1,154,964 
 
76,609 
 
74.3 
37.9 
29.4 
 
28.8 
 
81.1 
 
5.4 
Pest management 
     Insecticide seed 
        treatment 
     Fungicide (foliar 
        application) 
     Insecticide (foliar 
        application) 
 
1,154,060 
 
833,312 
 
623,344 
 
75.9 
 
54.8 
 
41.0 
  
811,813 
 
684,889 
 
492,395 
 
73.5 
 
62.0 
 
44.6 
  
1,054,757 
 
808,878 
 
555,505 
 
73.9 
 
56.7 
 
38.9 
a Data generated from surveys of county agriculture extension agents. 
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Fig. 1. Arkansas rice planting progress during 2018 compared to the 
five-year state average (NASS, 2019).
 
Fig. 2. Arkansas rice harvest progress during 2018 compared to the 
five-year state average (NASS, 2019).
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Fig. 3. Percentage of rice planted in Arkansas 
to Clearfield rice cultivars between 2001 and 2018.
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2018 Rice Research Verification Program
R.P. Baker1, R.S. Mazzanti2, J.T. Hardke2, and K.B. Watkins3
Abstract
The 2018 Rice Research Verification Program (RRVP) was conducted on 16 commercial 
rice fields across Arkansas. Counties participating in the program included Arkansas, 
Chicot, Clark, Clay, Craighead, Desha, Jackson, Jefferson, Lee, Lincoln, Lonoke, Poin-
sett, Randolph, St. Francis, White and Woodruff for a total of 1102 acres. Grain yield 
in the 2018 RRVP averaged 186 bu./acre ranging from 121 to 233 bu./acre. The 2018 
RRVP average yield was 19 bu./acre greater than the estimated Arkansas state average 
of 167 bu./acre. The highest yielding field was in Craighead County with a grain yield of 
233 bu./acre. The lowest yielding field was in Woodruff County and produced 121 bu./
acre. Milling quality in the RRVP averaged 60/69 (% head rice and % total milled rice).
Introduction
In 1983, the University of Arkansas System Division of Agriculture’s Cooperative 
Extension Service (CES) established an interdisciplinary rice educational program that 
stresses management intensity and integrated pest management to maximize returns. 
The purpose of the Rice Research Verification Program (RRVP) was to verify the prof-
itability of CES recommendations in fields with less than optimum yields or returns. 
The goals of the RRVP are to: 1) educate producers on the benefits of utilizing 
CES recommendations to improve yields and/or net returns, 2) conduct on-farm field 
trials to verify research-based recommendations, 3) aid researchers in identifying areas 
of production that require further study, 4) improve or refine existing recommendations 
which contribute to more profitable production, and 5) incorporate data from RRVP 
into CES educational programs at the county and state level. Since 1983, the RRVP 
has been conducted on 477 commercial rice fields in 33 rice-producing counties in 
Arkansas. Since the program’s inception 36 years ago, RRVP yields have averaged 18 
bu./acre better than the state average. This increase in yield over the state average can 
be attributed mainly to intensive cultural management and integrated pest management.
1 Rice Verification Program Coordinator, Department of Crop, Soil, and Environmental 
Sciences, Piggott.
2 Rice Verification Program Coordinator and Rice Extension Agronomist, respectively, Department 
of Crop, Soil, and Environmental Sciences, Stuttgart.
3 Professor, Economics, Rice Research and Extension Center, Stuttgart.
OVERVIEW AND VERIFICATION
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Procedures
The RRVP fields and cooperators are selected prior to the beginning of the 
growing season. Cooperators agree to pay production expenses, provide expense data, 
and implement CES recommendations in a timely manner from planting to harvest. A 
designated county agent from each county assists the RRVP coordinator in collecting 
data, scouting the field, and maintaining regular contact with the producer. Weekly visits 
by the coordinator and county agents are made to monitor the growth and development 
of the crop, determine what cultural practices need to be implemented and to monitor 
type and level of weed, disease and insect infestation for possible pesticide applications. 
An advisory committee, consisting of CES specialists and university researchers 
with rice responsibility, assists in decision-making, development of recommendations, 
and program direction. Field inspections by committee members are utilized to assist 
in fine-tuning recommendations. 
Counties participating in the program during 2018 included Arkansas, Chicot, 
Clark, Clay, Craighead, Desha, Jackson, Jefferson, Lee, Lincoln, Lonoke, Poinsett, 
Randolph, St. Francis, White and Woodruff (Table 1). The 16 rice fields totaled 1102 
acres enrolled in the program. Six different cultivars were seeded: Diamond (4 fields); 
RiceTec [RT] XP753 [4 fields]; RT Gemini 214 CL [3 fields]; RT 7311 CL [2 fields]; 
CL153 [2 fields]; and Roy J [1 field]. University of Arkansas System Division of Agri-
culture’s CES recommendations were used to manage the RRVP fields. Agronomic and 
pest management decisions were based on field history, soil test results, rice cultivar, 
and data collected from individual fields during the growing season. An integrated pest 
management philosophy was utilized based on CES recommendations. Data collected 
included components such as stand density, weed populations, disease infestation lev-
els, insect populations, rainfall, irrigation amounts, dates for specific growth stages, 
midseason rice N levels, grain yield, milling yield, and grain quality.
Results and Discussion
Yield
The average RRVP yield was 186 bu./acre with a range of 121 to 233 bu./acre 
(Table 1). All grain yields of RRVP fields are reported in dry, 12% moisture bushels. The 
RRVP average yield was 19 bu./acre more than the estimated yield for the state of 167 
bu./acre. Similar yield differences have been observed as the norm since the program 
began and can be attributed in part to intensive management practices and utilization 
of CES recommendations. The Craighead County field, seeded with RT XP753, was 
the highest yielding RRVP field at 233 bu./acre. Twelve of the 16 fields enrolled in the 
program exceeded 170 bu./acre. Woodruff County encountered grass control issues 
resulting in the lowest yielding field with RT Gemini 214 CL producing 121 bu./acre.
Milling data was recorded on all of the RRVP fields. The average milling yield 
for the 16 fields was 60/69 (% head rice and % total milled rice) (Table 1). The high-
est milling yield was 66/71 for RT XP753 in Lonoke County and CL153 in Randolph 
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County. The lowest milling yield was 50/66 for Roy J in Lee County. The milling yield 
of 55/70 is considered the standard used by the rice-milling industry.
Planting and Emergence
Planting began with Jefferson County on 21 March and ended with Lincoln 
County on 14 May (Table 1). Two of the verification fields were planted in March, 
9 in April, and 5 in May. An average of 72 lbs of seed/acre was planted for pure-line 
varieties and 23 lbs seed/acre for hybrids. Seeding rates were determined with the CES 
RICESEED program for all fields. An average of 13 days was required for emergence. 
Stand density averaged 19 plants/ft2 for pure-line varieties and 7 plants/ft2 for hybrids. 
The seeding rates in some fields were slightly higher than average due to soil texture 
and planting date. Clay soils generally require an elevated seeding rate to achieve 
desired plant populations.
Fertilization
The Nitrogen Soil Test for Rice (N-STaR) was utilized for all 16 RRVP fields 
and reduced the total N fertilizer recommendation by an average of 16 lb N/acre when 
compared with the standard N recommendation. However, various issues unrelated to 
N-STaR triggered the decision to apply additional N fertilizer in three fields at some 
point in the season. The issues prompting these N fertilizer additions are described in 
the field reviews and the amounts are included in Table 2. 
As with standard N fertilizer recommendations for rice, N-STaR N recommenda-
tions take into account a combination of factors including soil texture, previous crop, 
and cultivar requirements (Tables 1 and 2). The GreenSeeker hand-held crop sensor 
was used at least weekly in all fields after panicle initiation through late boot stage in 
order to verify that N levels in the rice were adequate for the targeted yield potential.
Phosphorus (P), potassium (K), and zinc (Zn) fertilizer were applied based on 
soil-test analysis recommendations (Table 2). Phosphorus was applied pre-plant to Ar-
kansas, Chicot, Clark, Clay, Craighead (20 of 50 acres), Desha, Lee, Lonoke, Poinsett, 
Randolph, St. Francis, White and Woodruff County fields. Potassium was applied to 
Arkansas, Clark, Clay, Craighead (20 of 50 acres), Lee, Jackson, Lonoke, Poinsett, 
Randolph, and St. Francis County fields. Zinc was applied as a pre-plant fertilizer to 
fields in Arkansas, Clay, Craighead (20 of 50 acres), Lonoke, St. Francis and White 
Counties, while Zn seed treatment was used with all hybrid rice cultivars at a rate of 
0.5 lb Zn/100 lb seed.
Weed Control
Clomazone (Command) herbicide was utilized as either a stand-alone, premix 
or tank mix application in 13 of the 16 program fields for early season grass control 
(Table 3). Quinclorac (Facet) was utilized in 14 of 16 fields, again, as either a stand-
alone, premix or tank mix application for both pre-emergence and early post-emergence 
treatments. Overlapping residuals proved to be an effective strategy utilized in 14 of 
16 fields. Fourteen fields utilized a combination of both grass and broadleaf residu-
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als. Seven fields (Chicot, Clay, Desha, Lincoln, Randolph, St. Francis and Woodruff 
Counties) were seeded in Clearfield cultivars (Table 1). All of these utilized Clearfield 
technology herbicides (Table 3).
Disease Control
A foliar fungicide was applied in 3 of the 16 program fields (Clark, Lonoke and 
Poinsett Counties). These were preventive treatments applied for kernel smut, false smut 
and rice blast diseases (Table 4). Generally, fungicide rates are determined based on 
cultivar, growth stage, climate, disease incidence/severity, and disease history. However, 
preventative treatments for kernel or false smut and rice blast require specific rates de-
pending on the product used. Fifteen fields had a seed treatment containing a fungicide.
Insect Control
Six fields (Chicot, Clark, Desha, Jefferson, Lonoke and Woodruff Counties) were 
treated with a foliar insecticide application for rice stink bug (Table 4). Five fields re-
ceived an insecticide seed treatment with CruiserMaxx Rice and 9 with NipsIt INSIDE.
Irrigation
Well water was used exclusively for irrigation in 11 of the 16 fields in the 2018 
RRVP while 4 fields (Desha, Jefferson, Randolph and White Counties) were irrigated 
exclusively with surface water. One field (Arkansas County) utilized both well and 
surface water. Two fields (Chicot and Lincoln Counties) were zero-grade. One field 
(Craighead County) was furrow-irrigated (row rice). Multiple-Inlet Rice Irrigation 
(MIRI) was utilized in 11 fields. Typically, a 25% reduction in water use is observed when 
using MIRI which employs polytube irrigation and a computer program to determine 
the size of tubing required plus the correct number and size of holes punched into it to 
achieve uniform flood-up across the field. Flow meters were used in 12 fields to record 
water usage throughout the growing season (Table 5). In 3 fields where flow meters 
for various reasons could not be utilized, the average across all irrigation methods (30 
acre-inches) was used. The difference in irrigation water used was due in part to rainfall 
amounts which ranged from a low of 4.2 inches to a high of 21.2 inches.
Economic Analysis
This section provides information on production costs and returns for the 2018 
Rice Research Verification Program (RRVP). Records of field operations on each field 
provided the basis for estimating production costs. The field records were compiled 
by the RRVP coordinators, county Extension agents, and cooperators. Production data 
from the 16 fields were applied to determine costs and returns above operating costs, 
as well as total specified costs. Operating costs and total costs per bushel indicate the 
commodity price needed to meet each cost type.
Operating costs are those expenditures that would generally require annual cash 
outlays and would be included on an annual operating loan application. Actual quanti-
29
  B.R. Wells Arkansas Rice Research Studies 2018
ties of all operating inputs as reported by the cooperators are used in this analysis. Input 
prices are determined by data from the 2018 Crop Enterprise Budgets published by the 
Cooperative Extension Service and information provided by the cooperating produc-
ers. Fuel and repair costs for machinery are calculated using a budget calculator based 
on parameters and standards established by the American Society of Agricultural and 
Biological Engineers. Machinery repair costs should be regarded as estimated values 
for full-service repairs, and actual cash outlays could differ as producers provide unpaid 
labor for equipment maintenance.
Fixed costs of machinery are determined by a capital recovery method which 
determines the amount of money that should be set aside each year to replace the value 
of equipment used in production. Machinery costs are estimated by applying engineering 
formulas to representative prices of new equipment. This measure differs from typical 
depreciation methods, as well as actual annual cash expenses for machinery.
Operating costs, fixed costs, costs per bushel, and returns above operating and 
total specified costs are presented in Table 6. Costs in this report do not include land 
costs, management, or other expenses and fees not associated with production. Oper-
ating costs ranged from $424.83/acre for Jefferson County to $729.06 for Craighead 
County, while operating costs per bushel ranged from $2.16/bu. for Arkansas County 
to $4.72/bu. for Woodruff County. Total costs per acre (operating plus fixed) ranged 
from $512.61/acre for Jefferson County to $825.76/acre for Craighead County, and total 
costs per bushel ranged from $2.64/bu. for Arkansas County to $5.69/bu. for Woodruff 
County. Returns above operating costs ranged from $53.88/acre for Woodruff County to 
$583.76/acre for Arkansas County, and returns above total costs ranged from -$64.79/
acre for Woodruff County to $487.30/acre for Arkansas County.
A summary of yield, rice price, revenues, and expenses by expense type for each 
RRVP field is presented in Table 7. The average rice yield for the 2018 RRVP was 186 
bu./acre but ranged from 121 bu./acre for Woodruff County to 233 bu./acre for Craighead 
County. An Arkansas average long-grain cash price of $5.13/bu. was estimated using 
USDA, National Agricultural Statistics Service (NASS) U.S. long-grain price data for 
the months of August through October. The RRVP had all fields planted to long-grain 
rice. A premium or discount was given to each field based on the milling yield observed 
for each field and a standard milling yield of 55/70 for long-grain rice. Broken rice was 
assumed to have 65% of whole-grain price value. If milling yield was higher than the 
standard, a premium was made while a discount was given for a milling yield less than 
the standard. Estimated long-grain prices adjusted for milling yield varied from $4.79/
bu. in Lee County to $5.53/bu. in Clark County (Table 7).
The average operating expense for the 16 RRVP fields was $548.59/acre (Table 
7). Post-harvest expenses accounted for the largest share of operating expenses on aver-
age (20.5%) followed by seed (19.9%), fertilizers & nutrients (18.2%), and chemicals 
(14.4%). Although seed’s share of operating expenses was 19.9% across the 16 fields, its’ 
average cost and share of operating expenses varied depending on whether a Clearfield 
hybrid was used ($169.54/acre; 29.4% of operating expenses), a non-Clearfield hybrid 
was used ($137.31/acre; 22.2% of operating expenses), a Clearfield non-hybrid (pure-
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line) variety was used ($61.98/acre; 12.6% of operating expenses) or a non-Clearfield 
non-hybrid (pure-line) variety was used ($45.14/acre; 9.2% of operating expenses).
The average return above operating expenses for the 16 fields was $426.58/
acre and ranged from $53.88/acre for Woodruff County to $583.76/acre for Arkansas 
County. The average return above total specified expenses for the 16 fields was $319.19/
acre and ranged from -$64.79/acre for Woodruff County to $487.30/acre for Arkansas 
County. Table 8 provides select variable input costs for each field and includes a further 
breakdown of chemical costs into herbicides, insecticides, and fungicides. Table 8 also 
lists the specific rice cultivars grown on each RRVP field.
Field Summaries
Arkansas County
The traditionally contoured Arkansas County field was located just west of Stutt-
gart on Dewitt silt loam soil. The field consisted of 77 acres and the previous crop grown 
on the field was soybean. The variety chosen was Diamond treated with CruiserMaxx 
Rice seed treatment and drill-seeded. The seeding rate was 75 lb/acre planted on 13 
April. Emergence was observed on 1 May with a stand count of 17 plants/ft2. No tillage 
practices were used for spring field preparation. According to the soil test, 0-50-60-10 
lb/acre (N-P2O5-K2O-Zn) was applied. Command and League herbicides were applied 
at planting on 13 April. Facet L herbicide was applied as a post-emergence herbicide 
on 26 May. Using the N-STaR recommendation, N fertilizer in the form of urea plus 
an approved NBPT product was applied at 225 lb/acre on 29 May. Multiple Inlet Rice 
Irrigation was utilized to achieve a more efficient permanent flood. Midseason N as 
urea was applied according to the GreenSeeker response index on 22 June at a rate of 
100 lb/acre. An adequate flood was maintained throughout the growing season. The 
field was checked weekly for diseases and no fungicide application was required based 
on field evaluations. Rice stink bugs never reached threshold levels and no insecticides 
were applied. The field was harvested on 14 September yielding 200 bu./acre with a 
milling yield of 57/68 and an average harvest moisture of 18.5%. Total irrigation was 
12.4 acre-inches and total rainfall was 10 inches.
Chicot County
The 96-acre, zero-grade field was located north of Lake Village on a Perry clay 
soil. No spring tillage practices were utilized. Cultivar RT 7311 CL treated with the 
company’s standard seed treatment including NipsIt INSIDE was drill-seeded on 22 
March at 23 lb/acre. Diammonium phosphate (DAP) 18-46-0 lb/acre (N-P2O5-K2O) was 
applied on 5 May. Command and League herbicides were applied at planting. Field 
emergence was recorded on 18 April with a stand density of 7.7 plants/ft2. Clearpath 
and Permit Plus were applied as pre- and post-emergence herbicides on 10 May. Based 
on N-STaR recommendations, N fertilizer in the form of urea plus NBPT was applied 
at 340 lb/acre on 11 June. A flood was established within 3 days and was maintained 
throughout the growing season. Based on the GreenSeeker response index during mid-
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season growth stages, no midseason N fertilizer was applied. Late boot N was applied 
as urea on 27 June at 70 lb/acre. The field was checked weekly for diseases and based 
on field evaluations, no fungicide application was required. Rice stink bug reached 
threshold levels and Karate Z was applied on 19 June. The field was harvested 22 August 
with a yield of 219 bu./acre, a milling yield of 57/68, and a harvest moisture of 19%. 
Irrigation amount was 12 acre-inches and total rainfall was 21 inches.
Clark County
The 98-acre contour field was located west of Arkadelphia along the Ouachita 
River. The soil classification was a Gurdon silt loam. Spring conventional tillage 
practices were used for field preparations and based on soil analysis 0-30-90 lb/acre 
(N-P2O5-K2O) was applied. Cultivar RT XP753 treated with the company’s standard 
seed treatment including NipsIt INSIDE was drill-seeded at 22 lb/acre on 21 April. 
Emergence was observed on 1 May with 6 plants/ft2. Command herbicide was applied 
at planting and Facet L and Aim were applied as post-emergence herbicides on 27 May. 
Using the N-STaR recommendation, N fertilizer in the form of urea was applied at 300 
lb/acre on 29 May. Based on the GreenSeeker response index during midseason growth 
stages, no midseason N fertilizer was applied. Due to hot and dry weather and limited 
water supply, flooding took over 15 days in parts of the field. Late boot N was applied 
as urea at 70 lb/acre on 13 July. Sheath blight reached threshold levels and Amistar Top 
fungicide was applied on 10 July. Stink bugs also reached threshold levels and Mustang 
Max was applied on 10 July. The field was harvested 10 September yielding 205 bu./acre 
with a milling yield of 64/73 and an average harvest moisture of 18%. Total irrigation 
for the season was 28 acre-inches and total rainfall was 16 inches.
Clay County
The precision-graded Clay County field was located west of McDougal on a Foley 
silt loam soil. This was the second crop following precision-grading work. The field 
was 52 acres and the previous crop grown on the field was rice. Conventional tillage 
practices were used for field preparation in the fall and a pre-plant fertilizer based on 
soil test analysis was applied in the spring at 0-60-90-10 lb/acre (N-P2O5-K2O-Zn). 
Cultivar CL153 with Apron XL LS + Maxim 4FS seed treatment was drill-seeded at 
60 lb/acre on 13 April. Rice emergence was observed on 3 May with a stand count of 
14 plants/ft2. Clearpath was applied post-emergence on 10 May providing good weed 
control. This was followed by a post-emergence application of Clincher and crop oil 
concentrate (COC) on 1 June. Ammonium sulfate was applied 25 May at 100 lb/acre 
to boost rice growing in weaker areas of the field that were cut in the precision grading 
process. Based on N-STaR recommendations, a single preflood N fertilizer application 
of urea plus an approved NBPT product at 300 lb/acre was made on 2 June. Multiple- 
Inlet Rice Irrigation was utilized to achieve a more efficient permanent flood. Based 
on the GreenSeeker response index during midseason growth stages, no midseason N 
fertilizer was initially applied. However, it was determined that a thinner stand in the 
weaker areas of the field made GreenSeeker less reliable in those particular areas and 
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urea was applied there at 75 lb/acre. The field was checked weekly for diseases and rice 
stink bug populations were monitored each week after 75% heading until 60% hard 
dough. No insecticide or fungicide treatments were required based on field evaluations. 
The rice was harvested on 17 September with a yield of 166 bu./acre, a milling yield 
of 64/69 and an average harvest moisture of 16.3%. Total irrigation for the season was 
20.4 acre-inches and total rainfall was 10 inches.
Craighead County
The furrow-irrigated Craighead County field was located east of Bay. The soil 
classification was a combination of Mhoon fine sandy loam and Roellen silty clay loam. 
The field was 50 acres and the previous crop grown was soybean. A no-till system on 
30-inch beds from the previous soybean crop was used. A burndown herbicide tank-
mix of RoundUp Pro Max plus FirstShot was applied in the spring prior to planting. 
Based on soil test analysis, a pre-plant fertilizer at 0-15-60-10 lb/acre (N-P2O5-K2O-Zn) 
was applied on 30 acres only. Cultivar RT XP753 with the company’s standard seed 
treatment including NipsIt INSIDE was drill-seeded at 25 lb/acre on 20 April. A pre-
emergence tank mix of Bolero and Facet L was applied on 25 April. Rice emergence 
was observed on 5 May with a stand count of 7 plants/ft2. A post-emergence herbicide 
tank mix application of Prowl H2O, Sharpen, and COC was made on 16 May provid-
ing good control of weeds. A final herbicide application of Sharpen and COC was 
made on 11 June. Using the N-STaR recommendation, urea plus an approved NBPT 
product was applied at 180 lb/acre on the sandy loam portion of the field and 135 lb/
acre on the silty clay loam portion on 31 May and again on 8 June at the same rates. 
A final 100 lb/acre application of urea plus an approved NBPT product was made on 
21 June. Irrigation flushes began with the first urea application and, in the absence of 
rain, were repeated every 3 days, increasing to every 2 days at grain fill. Based on the 
GreenSeeker response index during midseason growth stages, no midseason N fertilizer 
was applied. The field was checked weekly for diseases and rice stink bug populations 
were monitored each week after 75% heading until 60% hard dough. No insecticide or 
fungicide treatments were required based on field evaluations. The rice was harvested 
on 14 September with a yield of 233 bu./acre, a milling yield of 60/72, and an average 
harvest moisture of 15%. Total irrigation for the season was 16.4 acre-inches and total 
rainfall was 15.7 inches.
Desha County
The 107-acre contour-levee field was located east of Tiller on Sharkey and 
Desha clay soil. No tillage practices were performed and the previous crop was rice. 
According to the soil test the pre-plant fertilizer DAP 18-46-0 lb/acre (N-P2O5-K2O) 
was applied aerially in the spring . Cultivar RT 7311 CL treated with the company’s 
standard seed treatment including NipsIt INSIDE was drill-seeded at 24 lb/acre on 
21 April. Command and glyphosate were applied on 21 April as pre-emergence and 
burndown herbicides. Emergence was observed on 5 May with 8.3 plants/ft2. Loyant 
was applied as a post-emergence herbicide on 17 May. Nitrogen fertilizer in the form of 
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urea plus an approved NBPT product was applied at 300 lb/acre on 18 May according 
to the N-STaR recommendation. Multiple-Inlet Rice Irrigation was utilized to achieve 
a more efficient permanent flood. Based on the GreenSeeker response index during 
midseason growth stages, no midseason N was applied. Late boot N fertilizer was 
applied as urea at 70 lb/acre on 5 July. The field was checked weekly for diseases and 
no fungicide application was required based on field evaluations. Stink bugs reached 
threshold levels and lambda-cyhalothrin insecticide was applied on 17 July. The field 
was harvested on 4 September yielding 195 bu./acre with a milling yield of 61/70 and 
an average harvest moisture of 16%. The irrigation amount was 30 acre-inches and the 
total rainfall was 18.5 inches.
Jackson County
The precision-graded Jackson County field was southeast of Newport on a Foley-
Calhoun complex soil. The field was 50 acres and the previous crop grown was soybean. 
Conventional tillage practices were used for field preparation in the spring and based 
on soil test analysis, a pre-plant fertilizer at 0-0-60 lb/acre (N-P2O5-K2O) was applied. 
A pre-emergence application of Obey herbicide was made at planting. The variety 
Diamond with CruiserMaxx Rice seed treatment was drill-seeded at 69 lb/acre on 11 
April. Rice emergence was observed on 27 April and the stand count was 23 plants/ft2. 
A post-emergence application of Grasp plus RiceBeaux was made on 22 May followed 
by Regiment plus Triple Play surfactant on 1 June and good weed control was achieved. 
Using the N-STaR recommendation, urea plus an approved NBPT product was applied 
preflood at 260 lb/acre on 6 June. A permanent flood was subsequently established 
within 4 days. Multiple-Inlet Rice Irrigation was utilized to achieve a more efficient 
permanent flood. Flood levels were maintained well until hydrogen sulfide toxicity 
developed in a large section of the field. A rapid but carefully controlled flood reduction 
was employed to stimulate new root growth to overcome the problem. A midseason N 
fertilizer application of 100 lb/acre of urea was applied and flood levels were returned 
to normal for the remainder of the season. Based on the GreenSeeker response index 
during midseason growth stages, no additional midseason N was applied. The field was 
checked weekly for diseases and no fungicide application was required. Rice stink bug 
populations were monitored each week after 75% heading until 60% hard dough and 
did not reach treatment thresholds to require an insecticide application. The rice was 
harvested on 13 September yielding 195 bu./acre with a milling yield of 57/69 and an 
average harvest moisture of 15%. Total irrigation for the season was 30.5 acre-inches 
and total rainfall was 11.6 inches.
Jefferson County
The 159-acre conventional-levee field was located just north of Cornerstone and 
south of Altheimer. The soil classification consisted of Portland Clay and Herbert silt 
loam soil. The previous crop grown was soybean. The variety Diamond treated with 
CruiserMaxx Rice and Zn seed treatments was drill-seeded at 75 lb/acre on 21 April. 
No pre-plant fertilizer was necessary according to soil test results. Glyphosate, Com-
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mand, and Sharpen were applied at planting. Emergence was observed on 24 April at 
17 plants/ft2. Superwham and Command were applied 5 May and Facet L and Permit 
herbicides were applied on 25 May. Nitrogen fertilizer in the form of urea was applied 
at 200 lb/acre with NBPT according to N-STaR recommendations. Due to a large field 
and extremely hot and dry conditions, a re-lift was used on the west side of the field. 
However, the canal was too small to supply enough water so the irrigation canal was 
enlarged over the next 10 days. It required 14–18 days to flood the west side of the 
field as a result. Multiple-Inlet Rice Irrigation was utilized to achieve a more efficient 
permanent flood. Based on the GreenSeeker response index during midseason growth 
stages, the response index exceeded 1.15 and midseason N fertilizer was applied as urea 
on 26 June at 100 lb/acre. The field was checked weekly for diseases and no fungicide 
application was required based on field evaluations. Rice stink bugs reached threshold 
on one end of the field and only 40 acres were treated with Lambda-Cyhalothrin on 22 
July. The field was harvested on 13 September yielding 185 bu./acre with a milling yield 
of 59/68 and an average harvest moisture of 19%. Total irrigation was 30 acre-inches 
and total rainfall was 11.5 inches.
Lee County
The 16-acre field was located just east of Moro with the soil classification be-
ing a Henry silt loam soil and soybean was the previous crop grown on the field. 
Conventional tillage practices were performed on the contour-levee field. A pre-plant 
fertilizer blend of 0-40-60 lb/acre (N-P2O5-K2O) was applied according to the soil test 
analysis. Roy J treated with CruiserMaxx Rice plus Zn seed treatment was drill-seeded 
at 75 lb/acre. Command was applied on 26 April as a pre-emergence herbicide. Emer-
gence was observed on 10 May with 17 plants/ft2. Facet L was applied on 24 May as 
a post-emergence herbicide. Based on N-STaR recommendations, N fertilizer in the 
form of urea plus an approved NBPT product was applied at 200 lb/acre on 24 June. 
A minimal flood was maintained throughout the growing season with MIRI. Based on 
the GreenSeeker response index during midseason growth stages, the response index 
exceeded 1.15 and midseason N was applied as urea at 100 lb/acre on 27 July. The field 
was checked weekly for diseases and no fungicide application was required based on 
field evaluations. The field was harvested on 1 October with a yield of 165 bu./acre, a 
milling yield of 50/66, and an average harvest moisture of 15%. Total irrigation was 
26.4 acre-inches and total rainfall was 12.1 inches.
Lincoln County
The 39-acre zero-grade field was located just east of Star City on a Perry clay soil. 
The previous crop has been continuous rice and there was no spring tillage practices 
performed on the field. Cultivar RT 7311 CL treated with the company’s standard seed 
treatment including NipsIt INSIDE was drill-seeded at 24 lb/acre on 2 May. Command 
and League herbicides were applied at planting. The rice emerged on 24 May at 6 plants/
ft2 and weedy rice also emerged between the drills from the continuous rice cropping 
system. Newpath herbicide was applied as post and pre-emergence herbicides on 30 
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May. Loyant herbicide and methylated seed oil were applied on 3 June. Using the N-
STaR recommendation, N in the form of urea with NBPT was applied at 180 lb/acre on 
6 June. Based on the GreenSeeker response index during midseason growth stages, no 
midseason N fertilizer was applied. Clincher herbicide with COC was applied on 18 June 
for weed escapes. The late boot N fertilizer application as urea was made on 20 July at 
75 lb/acre. The field was checked weekly for diseases and no fungicide application was 
required based on field evaluations. Rice stink bug populations were monitored each 
week after 75% heading until 60% hard dough and did not reach treatment thresholds 
to require an insecticide application. The field was harvested on 18 September yielding 
177 bu./acre with a milling yield of 53/66 and an average harvest moisture of 15%. Total 
irrigation water use was 15 acre-inches and total rainfall was 12.3 inches.
Lonoke County
The 40-acre contour field was located north of Lonoke on a Callaway silt loam 
soil. Spring conventional tillage practices were used and pre-plant fertilizer was ap-
plied at 0-60-90-10 lb/acre (N-P2O5-K2O-Zn) according to the soil test. Cultivar RT 
XP753 treated with the company’s standard seed treatment including NipsIt INSIDE 
was drill-seeded at 22 lb/acre on 2 May. Glyphosate and Command were applied on 4 
May as burndown and pre-emergence herbicides. Stand emergence was observed on 10 
May with 6 plants/ft2. Facet L and Sharpen were applied as post-emergence herbicides 
on 23 June. Nitrogen fertilizer in the form of urea with NBPT was applied 24 May ac-
cording to the N-STaR recommendation. Multiple-Inlet Rice Irrigation was utilized to 
achieve a more efficient permanent flood. Based on the GreenSeeker response index 
during midseason growth stages, no midseason N was applied. The late boot N fertilizer 
application was made on 12 July as urea at 75 lb/acre. Sheath blight reached threshold 
levels and Quadris fungicide was applied on 16 July. Stink bugs reached threshold levels 
and were treated with Karate Z on 16 July. The field was harvested on 3 September 
yielding 207 bu./acre with a milling yield of 66/71. Total irrigation water use was 30 
acre-inches and total rainfall was 4.2 inches.
Poinsett County
The precision-graded Poinsett County field was located northwest of Harrisburg 
on a Henry silt loam soil. The field was 8.3 acres and the previous crop grown on the 
field was soybean. Conventional tillage practices were used for field preparation in the 
fall and a pre-plant fertilizer was applied in the spring at 0-60-90 lb/acre (N-P2O5-K2O). 
The variety Diamond with CruiserMaxx Rice seed treatment was drill-seeded at 69 lb/
acre on 20 April and rice emergence was observed on 6 May with a stand count of 24 
plants/ft2. Command pre-emergence herbicide was applied on 20 April. On 22 May a 
post-emergence herbicide tank mix of Facet L plus Ricestar HT was applied followed by 
Loyant plus Methylated Seed Oil (MSO) surfactant. Although scattered barnyardgrass 
escapes remained, likely due at least in part to environmental factors, adequate weed 
control was achieved. Based on N-STaR recommendations, urea plus an approved NBPT 
product was applied in a single preflood application at 260 lb/acre on 8 June. Flood-
up was achieved within 24 hours. Based on the GreenSeeker response index during 
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midseason growth stages, no midseason N fertilizer was applied. However, due to a 
miscommunication, an unplanned treatment of urea was applied simultaneously with 
some other fields at 75 lb/acre. The field was checked weekly for diseases and a generic 
propiconazole fungicide treatment was applied on 20 July as a preventive treatment 
for smut disease. The rice stink bug population was monitored each week after 75% 
heading until 60% hard dough but did not reach threshold for insecticide treatment. 
The rice was harvested on 5 October yielding 170 dry bu./acre with a milling yield of 
61/71 and an average harvest moisture of 19%. Total irrigation for the season was 29.4 
acre-inches and total rainfall was 13.9 inches.
Randolph County
The precision-graded Randolph County field was located east of Pocahontas on 
Amagon and Kobel silt loam soils. The field was 150 acres and the previous crop grown 
was soybean. Spring conventional tillage practices were used for field preparation and a 
pre-plant fertilizer based on soil test analysis was applied at 18-46-90 lb/acre (N-P205-
K20). On 21 April, CL153 was drill-seeded at 65 lb/acre. Rice emergence was observed 
on 8 May and consisted of 18.2 plants/ft². A pre-emergence tank mix of Command plus 
Newpath herbicides was applied on 1 May. This was followed by a herbicide tank mix 
of Clearpath, Sharpen and COC applied post-emergence on 6 June providing excellent 
control of weeds. Using the N-STaR split application recommendation, urea plus an 
approved NBPT product was applied preflood with an application of 260 lb/acre on 
8 June. Flood-up with surface water was achieved in 7 days and once the permanent 
flood was established, flood levels were maintained well throughout the season. Based 
on the GreenSeeker response index during midseason growth stages, N levels in the 
rice held unexpectedly well into late midseason before moving significantly closer to 
a response index level that would trigger treatment. The decision was reached as a 
precaution to proceed as originally planned with a split application recommendation 
but at a reduced urea rate of 75 lb/acre in an effort to correspond more precisely with 
the N uptake ability of the rice at that point. The field was checked weekly for diseases 
and no fungicide application was required based on field evaluations. Rice stink bug 
populations were monitored each week after 75% heading until 60% hard dough, but 
did not reach treatment thresholds and no insecticides were applied. The field was 
harvested on 17 September yielding 145 dry bu./acre, which was similar to yields from 
other nearby fields with the same variety planted at the same time. Moisture at harvest 
was 16% and the milling yield was 66/71. Total irrigation was 16.4 acre-inches and 
total rainfall was 17.9 inches.
St. Francis County
The traditionally contoured St. Francis County field on a relatively steep slope 
was located southeast of Wheatley on Hillemann silt loam soil. The field was 58 acres 
and the previous crop grown was soybean. Spring conventional tillage practices were 
used for field preparation and a pre-plant fertilizer based on soil test analysis was applied 
at 0-60-90-5 lb/acre (N-P205-K20-Zn). A burndown herbicide tank mix of glyphosate 
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and Sharpen was applied prior to planting. On 19 April, RT Gemini 214 CL with the 
company’s standard seed treatment including NipsIt INSIDE was drill-seeded at 22 
lb/acre. Rice emergence was observed on 7 May and consisted of 6.6 plants/ft2. A pre-
emergence herbicide application of Clearpath was made on 21 April. A post-emergence 
herbicide of Newpath plus surfactant was applied on 19 May providing effective control 
of weeds. Using the N-STaR recommendation, urea plus an approved NBPT product 
was applied preflood at 200 lb/acre on 31 May. Flood-up required 7 days and MIRI was 
utilized to achieve a more efficient permanent flood. After permanent flood establish-
ment, flood levels were maintained sufficiently. Based on the GreenSeeker response 
index during mid-season growth stages, no mid-season N fertilizer was applied. A late 
boot N fertilizer application of urea was made at 70 lb/acre on 11 July. The field was 
checked weekly for diseases and no fungicide application was required based on field 
evaluations. Rice stink bug populations were monitored each week after 75% heading 
until 60% hard dough, but did not reach treatment thresholds and no insecticides were 
applied. The field was harvested on 17 September yielding 192 bu./acre with a milling 
yield of 66/69 and a harvest moisture of 17%. Total irrigation was 22.5 acre-inches and 
total rainfall was 8.9 inches.
White County
The precision-graded White County field was located southeast of Kensett on 
Calhoun, Callaway, and Immanuel silt loam soils. The field was 33 acres and the 
previous crop grown was soybean. Spring conventional tillage practices were used 
for field preparation and a pre-plant fertilizer based on soil test analysis was applied at 
0-30-0-5 lb/acre (N-P205-K20-Zn). On 1 May, RT XP753 with the company’s standard 
seed treatment including NipsIt INSIDE was drill-seeded at 23 lb/acre. Rice emergence 
was observed on 7 May and consisted of 7.7 plants/ft2. A pre-emergence application of 
Obey herbicide was made on 2 May followed by a post-emergence application on 21 
May of Facet L plus COC providing good control of weeds. Using the N-STaR recom-
mendation, urea plus an approved NBPT product was applied preflood at a rate of 300 
lb/acre on 2 June. The permanent flood was established in 4 days and flood levels were 
maintained sufficiently throughout the season. Based on the GreenSeeker response 
index during midseason growth stages, no midseason N fertilizer was applied. A late 
boot N fertilizer application of urea was made at 70 lb/acre on 7 July. The field was 
checked weekly for diseases and no fungicide application was required based on field 
evaluations. Rice stink bug populations were monitored each week after 75% heading 
until 60% hard dough, but did not reach treatment thresholds and no insecticides were 
applied. The field was harvested on 14 September yielding 200 bu./acre with a milling 
yield of 56/71 And a harvest moisture of 14.3%. Total irrigation was 24 acre-inches 
and total rainfall was 14.1 inches.
Woodruff County
The precision-graded Woodruff County field was located 3 miles northeast of 
Augusta on a Jackport silty clay loam soil. The field was 74 acres and the previous 
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crop grown was rice. Spring conventional tillage practices were used for field prepa-
ration and a pre-plant fertilizer based on soil test analysis was applied at 18-46-0 lb/
acre (N-P205-K20). On 11 May, RT Gemini 214 CL with the company’s standard seed 
treatment including NipsIt INSIDE was drill-seeded at 25 lb/acre. Rice emergence was 
observed on 24 May and consisted of 7 plants/ft2. From this point onward, barnyardgrass 
control became extremely problematic. A pre-emergence tank-mix of Command plus 
Newpath was discussed and scheduled after confirmation of no known resistance issues 
in the field with these or other herbicides. However, the two herbicides were applied 
separately due to prevailing winds in the direction of neighboring conventional rice 
susceptible to Newpath. Command was applied on 21 May but not activated before 
the barnyardgrass germinated and emerged on 23 May. The following morning on 24 
May a light shower fell and the wind direction changed allowing a post-emergence ap-
plication of Newpath plus surfactant that afternoon. Good control of the small, 1-leaf 
barnyardgrass was anticipated, but instead the grass maintained a steady growth. On 
2 June the barnyardgrass reached the 4-leaf stage and a post-emergence tank mix of 
QuinStar, Clincher, and COC was applied. This was followed on 14 June by the second 
Newpath application just ahead of flood-up. Again, little to no control of barnyardgrass 
resulted from either of these applications. On 15 June the N-Star recommendation of 
110 lb/acre of urea plus an approved NBPT product was applied. Flood-up occurred 
over the next 7 days using the MIRI system. On 25 June, Ricestar HT was applied post-
flood in a final attempt to at least suppress the barnyardgrass. Suppression/stunting of 
the grass was somewhat successful, but a severe reduction in rice tillering had already 
become an unrecoverable loss by this point. Based on the GreenSeeker response index 
during mid-season growth stages, no midseason N fertilizer was applied. A late boot 
N fertilizer application of urea was made at the rate of 65 lb/acre on 30 July. The field 
was checked weekly for diseases and no fungicide application was required based on 
field evaluations. Rice stink bug populations were monitored each week after 75% 
heading until 60% hard dough. On 20 August, rice stink bugs reached the threshold for 
treatment and a Lambda Cyhalothrin application was made providing good control. The 
field was harvested on 22 October with a yield of 121 bu./acre, reflecting the severity of 
barnyardgrass competition during critical growth stages of the rice. Moisture at harvest 
was 14.3% and the milling yield was 58/69. Total irrigation was 16.1 acre-inches and 
total rainfall was 9.7 inches. Based on the lack of barnyardgrass control with multiple 
herbicides, barnyardgrass samples from the field have been submitted for herbicide 
resistance testing. This will be critical information to have on hand for future manage-
ment decisions that are made for this field.
Significance of Findings
Data collected from the 2018 RRVP reflects the continued general trend of 
improved rice yields and returns. Analysis of this data showed that the average yield 
was significantly higher in the RRVP compared to the state average and the cost of 
production was equal to or less than the Cooperative Extension Service-estimated rice 
production costs.
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Table 5. Rainfall and irrigation information for fields 
enrolled in the 2018 Rice Research Verification Program. 
Field location by county Rainfall  Irrigationa  Rainfall + Irrigation  
 (inches) (acre-inches) (inches) 
Arkansas  10.1 24.4 34.5 
Chicot 21.2 41.0 62.2 
Clark 16.2 28.4 44.6 
Clay 10 20.4 30.4 
Craighead 15.7 16.4 32.1 
Desha 18.5 30.0* 48.5* 
Jackson 11.6 35 46.6 
Jefferson 11.5 30.0* 41.5* 
Lee 12.1 26.4 38.5 
Lincoln 12.2 19.2 31.4 
Lonoke 4.2 30.0* 34.2* 
Poinsett 13.9 29.4 43.3 
Randolph 17.9 16.4 24.3 
St. Francis 8.9 22.5 31.4 
White 14.1 30.0* 44.1* 
Woodruff 9.7 16.1 25.8 
Averageb 13 24.6 37.2 
a An average established from flow meter data over a period of years was used 
  for several fields not equipped with flow meters to monitor irrigation water use. 
  Irrigation amounts using this calculated average are followed by an 
  asterisk (*). 
b Average values for Irrigation and Rainfall + Irrigation are only for those fields 
  with measured irrigation amounts and does not include fields where the state 
  average irrigation value of 30.0 acre-inches was used.  
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Table 6. Operating costs, total costs, and returns for fields 
enrolled in the 2018 Rice Research Verification Program. 
 
 
County 
 
Operating 
costs 
 
Operating 
costs 
Returns to 
operating 
costs 
 
Fixed 
Costs 
 
Total 
costs 
Returns 
to total 
costs 
 
Total 
costs 
 ($/ac) ($/bu.) ------------------------($/ac)---------------------- ($/bu.) 
Arkansas 432.24 2.16 583.76 96.45 528.70 487.30 2.64 
Chicot 597.79 2.73 514.73 71.34 669.13 443.39 3.06 
Clark 613.65 2.99 520.00 112.66 726.31 407.34 3.54 
Clay 545.90 3.29 337.75 112.21 658.11 225.55 3.96 
Craighead 729.06 3.13 522.15 96.70 825.76 425.45 3.54 
Desha 593.41 3.04 438.14 123.57 716.97 314.58 3.68 
Jackson 552.54 2.84 445.76 124.99 677.53 320.77 3.48 
Jefferson 424.83 2.30 526.07 87.79 512.61 438.29 2.77 
Lee 437.14 2.65 353.21 93.41 530.55 259.80 3.22 
Lincoln 534.55 3.02 327.44 82.15 616.70 245.29 3.48 
Lonoke 607.62 2.94 526.74 115.29 722.92 411.44 3.49 
Poinsett 584.31 3.44 325.19 119.06 703.37 206.13 4.14 
Randolph 439.17 3.02 356.64 118.80 557.97 237.84 3.84 
St. Francis 584.81 3.05 448.15 105.81 690.63 342.33 3.60 
White 529.24 2.64 513.28 139.32 668.57 373.95 3.34 
Woodruff 571.20 4.72 53.88 118.67 689.87 -64.79 5.69 
Average 548.59 3.00 424.56 107.39 655.98 317.17 3.59 
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BREEDING, GENETICS, AND PHYSIOLOGY
Benefits of Molecular Analysis in Rice Breeding Programs
V.A. Boyett1, V.I. Thompson1, K.A.K. Moldenhauer1, E. Shakiba1, X. Sha1, 
D.K.A. Wisdom1, X. Jin1, J.M. Bulloch1, D.G. North1, and R.C. Scott1
Abstract
Currently 4 rice breeding programs and cooperative extension activities utilize the 
molecular genetics laboratory at the University of Arkansas System Division of Agri-
culture’s Rice Research and Extension Center (RREC) near Stuttgart, Arkansas. Much 
of the effort over the last 18 years has been devoted to the genotypic characterization 
of parental lines and progeny in the areas of new long-grain and medium-grain cultivar 
development, hybrid rice breeding, aromatic rice breeding, backcross populations, 
genomic mapping of specific traits, seed purification, and genetic fingerprinting. In 
2018, genetic analysis was performed on 9 major projects for the rice breeding group 
involving DNA marker-assisted selection (MAS) for the important traits of cooking 
quality, aroma, rice blast disease resistance, plant height, leaf texture, and Clearfield 
technology. Eight other smaller projects were conducted for the breeding programs as 
well. The Molecular Genetics lab screened 3697 test samples and 292 DNA reference 
samples with up to 29 markers. The rice molecular analysis projects included parental 
materials, male sterile and restorer lines, selected F1 hybrid lines, and early and ad-
vanced generations of conventional breeding materials currently in development. In 
total, the lab generated 28,425 data points for the year. The work was accomplished 
using 75 DNA template plates, 347 polymerase chain reaction (PCR) plates, 72 runs 
on the ABI 3500xL to analyze simple sequence repeat (SSR) markers, and 171 PACE 
runs to analyze single nucleotide polymorphism (SNP) markers.
Introduction
Evaluations conducted using DNA markers can confirm hybridity, seed purity, and 
genotype-phenotype correlations which are not affected by time or the environment. Thus, 
enabling the breeder to devote time, funds, and resources to those materials that have po-
tential for further development in the breeding program, and not wasting efforts and money 
on undesirable materials.   
1 Program Associate, Program Technician, Professor, Assistant Professor, Professor, Program Associate, 
Technical Assistant, Program Associate, Program Technician, Professor, respectively, Rice Research 
and Extension Center, Stuttgart.
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Materials submitted for molecular analysis were screened with DNA markers that 
were determined to be informative from the parental genotyping data. The simple sequence 
repeat  (SSR) and insertion-deletion (InDel) markers included random fingerprint mark-
ers and markers that are linked to the rice blast resistance genes, aroma, plant height, and 
cooking quality, and were analyzed by capillary electrophoresis while single nucleotide 
polymorphism (SNP) markers were analyzed using the newly implemented polymerase 
chain reaction (PCR) Allele Competitive Extension (PACETM) platform. The PACE platform 
is compatible with Kompetitive Allele-specific PCR (KASPTM) assays developed previously. 
At 41 cents per sample, PACE chemistry is less expensive than KASP chemistry and costs 
only 23% of the price of ABI 3500xL analysis at $1.75 per sample.  
The objective of this ongoing study is to apply DNA marker technology to assist with 
the mission of the RREC Rice Breeding Programs. The goals include (i) characterizing 
parental materials on a molecular level for important agronomic traits and purity; (ii) per-
forming DNA marker-assisted selection (MAS) of progeny to confirm, identify and track 
gene introgression; and (iii) ensuring seed quality and uniformity by eliminating off types.
Procedures
Leaf tissue from individually tagged field plants or greenhouse-grown seedlings 
was collected in manila coin envelopes and kept in plastic bags on ice until placed in 
storage at the molecular genetics lab. In some instances, seeds were germinated in Petri 
dishes to obtain leaf tissue. The leaf tissue was stored in a -80 °C freezer until sampled. 
Total genomic DNA was extracted from the embryo using a Sodium hydroxide/Tween 
20 buffer and neutralized with 100 mM TRIS-HCl, 2 mM EDTA (Xin et al., 2003).
Each set of DNA samples was arrayed in a 96-well format, processed through a 
OneStep-96 PCR Inhibitor Removal system (Zymo Research Corporation, Irvine, Calif.), 
and used directly as the starting template for SSR and InDel analysis. For KASP reac-
tions, the DNA plate was diluted 1:5 in water to prepare the KASP reaction template. 
Polymerase Chain Reaction of SSR and InDel markers was conducted using 
primers pre-labeled with attached fluorophores of either HEX, FAM, or NED by add-
ing 2 μl of starting DNA template in 25 µl reactions and cycling in a Mastercycler Pro 
S thermal cycler (Eppendorf North America, Inc., Westbury, N.Y.) for 35 cycles of a 
traditional 3-step PCR protocol. To save on processing and analysis costs, PCR plates 
were grouped according to allele sizes and dye colors and diluted together with an ep-
Motion 5070 liquid handling robot (Eppendorf North America, Inc., Westbury, N.Y.). 
The PCR products were resolved using capillary electrophoresis on an ABI 3500xL 
Genetic Analyzer. Data was analyzed using GeneMapper Software v. 5.0 (Applied 
Biosystems, Foster City, Calif.).
The PACE reactions were prepared by adding 5 µl of each DNA sample and 5 
µl of the 2X PACE Master Mix (3cr bioscience, Welwyn Garden City, Hertfordshire, 
U.K.) + 0.14 µl Assay Mix to the wells of a 96-well opaque qPCR plate (LGC Ge-
nomics, Beverly, Mass.).  The plate was then sealed with qPCR film (LGC Genomics, 
Beverly, Mass.), and the PACE reactions were cycled in a Mastercycler Pro S thermal 
cycler (Eppendorf North America, Inc., Westbury, N.Y.) using a 65–57 °C Touchdown 
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protocol. The plates were then allowed to cool to room temperature prior to reading on 
a BMG Labtech FLUOstar Omega SNP plate reader (LGC Genomics, Beverly, Mass.). 
Detected fluorescence was analyzed using KlusterCaller software (LGC Genomics, 
Beverly, Mass.). The KASP marker for Waxy Exon 6 was determined to be not as reli-
able as the KASP marker for Waxy Exon 1 and the SSR marker RM190 for predicting 
amylose content. In the instances in which RM190 and Waxy Exon 1 agreed, but Waxy 
Exon 6 data contradicted the other two, the Waxy Exon 6 marker was ignored for allele 
scoring purposes.
Results and Discussion
Long Grain Breeding Program: Three projects totaling 1170 samples of elite 
cultivars were screened with up to 14 markers linked to the traits of cooking quality, 
rice blast disease resistance, leaf texture, and plant height. One project of 88 samples 
was screened with an additional 15 simple sequence repeat (SSR) markers to provide 
a genetic “fingerprint” to assess seed purity and establish a reference genotype of those 
lines. The molecular analysis generated 5161 data points for this program.
Medium Grain Breeding Program: One project involved screening 1181 samples 
of breeding lines in advanced stages of development with markers linked to cooking 
quality and rice blast disease resistance. One project screened 82 hybrid lines for cook-
ing quality and 88 lines from a hybrid rice production project were screened with 4 
markers linked to the fertility restoration genes Rf3 and Rf4. There were 10,848 data 
points generated from the three projects.
Hybrid Rice Breeding Program: Ten projects were conducted for the hybrid rice 
breeding program. Two projects totaling 657 samples of A and B lines and one project of 
76 male sterile lines were assessed for cooking quality, rice blast disease resistance, and 
plant height. One project of 47 potential parental lines was also screened with markers 
linked to cooking quality, rice blast disease resistance and plant height. Additionally, 
the samples were assessed for seed purity with nine SSR fingerprint markers.   One 
population of male-sterile lines was analyzed for the presence of imidazolinone herbicide 
tolerance. One small project of only 11 samples was screened for the aforementioned 
traits and leaf texture. Fifteen SSR fingerprint markers were also used on this group. 
In two separate populations of hybrids in development, 74 samples were screened for 
cooking quality and hybridity based on analysis with 17 markers. In the final 2 projects, 
7 parents of 4 different mapping populations were screened with 313 SSR markers 
to determine polymorphisms between the parents. Total data points generated for the 
hybrid rice breeding program were 11,504.
Aromatic Rice Breeding Program: One project of 104 samples of early generation 
breeding material was screened for cooking quality and rice blast disease resistance 
totaling 912 data points. 
Significance of Findings
Marker screening of breeding materials revealed that progress is being made in 
reducing trait segregation and identifying promising lines to advance. Applying mo-
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lecular marker technology to the work of the Rice Breeding Programs enabled breeders 
to assess the status of populations and select those materials that were desirable for 
inclusion in future breeding efforts. Marker-assisted selection enabled rice breeders to 
make their selections rapidly and efficiently, saving time, field resources, and labor. 
Moving markers to the less expensive and higher throughput PACE platform reduced 
costs and increased speed of analysis. 
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Yield and Grain Quality Characterization of Diverse Rice 
Cultivars for Identification of Donors for High Nighttime 
Temperature (HNT) Tolerance
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X. Sha1, E. Shakiba1, P.A. Counce1 and R.C. Scott1
Abstract
Seventy-two entries including advanced lines were selected for their agronomic value 
and/or suspected tolerance to high nighttime temperature (HNT). Entries were planted 
on four different dates to analyze the effects of a range of environmental conditions 
on desired traits such as grain yield and grain quality. Air temperature above the plant 
canopy in the field was recorded hourly, and the correlation values between the number 
of hours above two critical thresholds [77 °F (25 °C) and 82.4 °F (28 °C)], four differ-
ent yield measurements (grain yield, brown rice yield, milling rice yield and head rice 
yield) and chalk were obtained. Entries showing high yield, low chalk and high milling 
yield are presented. 
Introduction
The effects of rising temperatures are a serious threat to the economic interests 
of Arkansas rice producers and the rice industry. The average global air temperature is 
projected to increase 33.8–38.6 °F (1.0–3.7 °C) by the end of this century with associ-
ated occurrences of drought (IPPC, 2013). High nighttime temperature (HNT) during 
the grain-filling period negatively affects rough rice grain yield and grain quality (chalk 
and milling yield). Previous studies conducted in field conditions and growth chambers 
have established decreased rough rice grain yield, increased grain chalkiness and reduced 
head rice yield under HNT conditions (Ziska and Manalo, 1996; Counce et al., 2005; 
Mohammed and Tarpley, 2009).
The majority of rice seed mass and volume is endosperm tissue which is com-
prised of starch granules contained within amyloplasts and supported by protein bodies. 
Chalk is defined as reduced  translucency in all or part of the endosperm resulting from 
1 Post Doctoral Research Associate, Program Associate, Program Associate, Professor, Associate 
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air spaces between loosely or improperly packed starch amyloplasts (Del Rosario et 
al., 1968; Ashida et al., 2009). Air spaces cause a chalky grain to be weaker and more 
susceptible to breaking during the milling process thereby reducing head rice yield 
(HRY) (Lisle et al., 2000; Nese et al., 2014). Metabolic activities involved in carbohy-
drate supply have been shown to be affected by HNT and are suspected as a possible 
cause of aberrant grain morphology and thereby chalk (Shi et al., 2017; Phan et al., 
2013; Glaubitz et al., 2015). Variation of yield and quality among cultivars screened 
in growth chambers suggests the existence of genes that confer HNT tolerance. This 
study focused on characterization of a range of established or potentially interesting 
cultivars as a first step toward identification of varieties for use in breeding programs 
to increase HNT tolerance. The variety N22 has been characterized as heat tolerant but 
possesses poor agronomic traits (Yoshida et al., 1981; Jagadish et al., 2008) while the 
U.S. varieties Bengal and Kaybonnet have also been reported as heat tolerant (Kumar 
et al., 2016) and may be more useful from a breeding perspective.
Procedures
A selection of 72 previously and recently released varieties and advanced lines as 
well as reported HNT tolerant and susceptible cultivars were planted at varying times in 
the field to examine the effects of a range of environmental conditions including high 
temperature. The entries were planted at the University of Arkansas System Division 
of Agriculture’s Rice Research and Extension Center (RREC) in Stuttgart, Arkansas 
on four dates (April 11, May 2, May 24, and June 14) in approximate 3-week intervals. 
Each line was planted in triplicate in a randomized complete block design as 3 rows, 
5 feet long and spaced 7.5 inches apart. Fertilization rate was 130 pounds of nitrogen 
per acre. The R2 stage of development was defined as collar formation of the flag leaf 
and the R4 stage as panicle flowering (Counce et al., 2000). An entry was considered 
to have reached a given stage when 50% of individual plants met the definition. The 
date and days to reach R2 (DTR2) and R4 (DTR4) stage were recorded. 
Air temperature was recorded hourly using two data loggers placed above the 
plant canopy in the field. Weekly minimum, maximum and average temperatures as well 
as number of hours above 77.0 °F (25 °C) and 82.4 °F (28 °C) from R2 to R4 (25R2R4 
and 28R2R4) and R4 to harvest (25R4Har and 28R4Har) were collected. Field grain 
moistures were measured using a handheld moisture tester (Riceter F, Kett, Villa Park, 
Calif.). Entries were harvested when moisture content was 18–22%. The moisture content 
of harvested grain was equilibrated to 11.5–12.5% in a temperature/humidity control 
chamber (CSZRI522WSW/8H, Cincinnati Subzero, Cincinnati, Ohio) maintained at 
80.6 °F (27 °C) and 50% relative humidity.
Grain yield was obtained from the middle row of each replicate and weight was 
recorded when samples reached 11.5–12.5% moisture. Brown rice yield (BRY) was 
measured as the seed weight after 125 grams of rough rice was run twice in a de-huller 
(Mini-testing Husker, Satake, Hiroshima, Japan). Head rice yield (HRY) was measured 
as seed weight of whole grains separated from broken grains using a laboratory cylinder 
grader (CRZ, Zaccaria, Anna, Texas; cylinder groove length was determined by grain 
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type: 5.5 mm for long, 4.5 mm for medium and 3.5 mm for short). Brown rice yield, 
TOT and HRY were all expressed as a percentage of the original 125 g sample. Seed 
length, seed width and chalk were obtained using the image analysis system WinSEED-
LETM 2012 (Regent Instruments, Inc., Sainte-Foy, Quebec, Canada). Percent chalk was 
defined as the total area of opaque grain color divided by the total grain area. The data 
from two subsamples of 100 whole kernels for each entry were averaged. Data analysis 
was conducted using SAS v. 9.4 (SAS Institute, Inc, Cary N.C.).
This report includes only data collected from the first (11 April) and third (2 May) 
planting designated P1 and P3, respectively. Data collection is ongoing and was priori-
tized for P1 and P3 since the contrast in expected environmental conditions between 
these two dates was greatest.
On-going tests are also being conducted in the growth chambers and greenhouse 
to compare selected lines where temperature can be totally controlled, unlike the field 
where there is no control over the temperature.
Results and Discussion
The weekly nighttime temperatures during the R2 to harvest stage of planting 1 
and planting 3 are presented in Fig. 1. The highest nighttime temperatures were observed 
during the 4th week of June through the 3rd week of July, which coincided with the R2 
and R4 stages of most entries in planting 1. This time period had the most hours above 
the critical nighttime temperatures of 77.0 °F (25 °C) and 82.4 °F (28 °C) (considered 
as HNT). In contrast, most planting 3 entries reached the R2 stage approaching the 4th 
week of July when the temperature and number of hours above 77.0 °F (25 °C) and 
82.4 °F (28 °C) started to drop providing a distinct temperature contrast between the 
two plantings at the critical reproductive stage. 
The correlation between yield, chalk and milling yields was generated (Table 1). 
As expected, BRY, TOT and HRY are significant and negatively correlated with chalk, 
HRY having the strongest correlation (-0.44). Yield and chalk had a weak significant, 
positive correlation of 0.15, implying that high yield may result in chalky grains. How-
ever, the weak correlation suggests a possibility of developing a high yielding and low 
chalk variety. Both DTR2 and DTR4 had a significant negative correlation with chalk 
and a positive correlation with rough rice yield and BRY. Neither DTR2 nor DTR4 
had a significant correlation with TOT and HRY. There is a positive correlation with 
25R2R4 and rough rice yield, BRY, TOT and HRY, while 28R2R4 was correlated with 
rough rice grain yield and BRY. Both 25R4Har and 28R4Har were positively correlated 
with chalk, rough rice grain yield and BRY. These results indicated that the longer HNT 
hours at these particular plantings (planting 1 and 3) resulted in higher rough rice and 
milling yields while only resulting in higher chalk during the R4 to harvest period. 
The entries that showed the highest rough rice yield, lowest chalk and highest 
HRY in each planting are presented in Table 2. Titan was the highest yielding in plant-
ing 1 while Teqing was the highest yielding in planting 3. In general, planting 1 had 
higher yields compared to planting 3, confirming a published report that earlier planting 
resulted in higher grain yield (Castaneda-Gonzales et al., 2016). Teqing and Rondo were 
the only varieties that consistently produced high yields for both plantings. However, 
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both varieties are late maturing, and therefore, experienced less variation in nighttime 
temperature. Titan and RU1504083 were the two high-yielding lines that experienced 
the most extreme nighttime temperature contrast among the top-yielding entries in plant-
ing 1. Both lines reached the R2 stage during the first week of July and early August in 
plantings 1 and 3, respectively. While RU1504083 showed significantly higher yield in 
planting 1, Titan showed comparable yield across the plantings. Consistently low chalk 
was observed in both plantings for the entries Jazzman 2, Presidio, Jazzman, and Aroma 
17 (Table 2).  Jazzman 2, Presidio and Jazzman reached the R2 stage during the second 
week of July for the first planting when nighttime temperatures were still high (Fig. 1). In 
contrast, all three entries reached the R2 stage during the first week of August when the 
average nighttime temperature was below 77.0 °F (25 °C) (Fig. 1). The low chalk values 
exhibited by these three varieties indicated their stable grain quality when developing 
at both normal and high nighttime temperatures. The medium-grain varieties Jupiter, 
Titan, MM17 and Neptune and long-grain variety Cybonnet consistently showed high 
HRY (Table 1). Jupiter and Titan experienced the most extreme nighttime temperature 
contrast. Jupiter showed no significant difference in HRY between planting 1 and 3, 
while Titan had higher HRY in planting 1. 
The results presented in this report are preliminary and data is still being collected. 
This field experiment will be repeated in the summer of 2019 to further validate the 
results. Overall, superior varieties exhibited variations in regard to each particular trait 
(i.e., yield, chalk and HRY), indicating the need to integrate these lines in developing 
lines with HNT tolerance. The field experiments identified the lines that were most 
affected by HNT. These lines need to be carefully evaluated for other traits and either 
avoided or used in a variety development program to improve varieties. Those with high 
yield, low chalk and high head rice could aid in development of lines with HNT toler-
ance. Preliminary experiments were established in the newly constructed greenhouse 
and growth chambers at the RREC last year to develop protocols for studying HNT in 
both the greenhouse and walk-in growth chambers. These experiments are on-going 
and results from the data collected will serve as a basis for further protocol refinement. 
Among the data to be obtained are grain yield per plant, spikelet fertility, chalk and HRY.
Significance of Findings
Varieties with consistently high yield, low chalk and high head rice yield under 
HNT may be valuable for use in breeding programs, while those exhibiting sensitivities 
can provide further insight into the mechanism and causes of HNT tolerance. Future 
research will include developing mapping populations of varieties tolerant to HNT in 
an effort to identify unknown genes that may confer HNT tolerance and allow marker 
development for marker-assisted selection. 
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Table 1. Correlation coefficients between grain yield, grain quality, 
phenological stages and nighttime temperatures. 
Parameter Chalk Yield BRY TOT HRY 
Chalk 1 0.15** -0.15** -0.14** -0.44** 
DTR2 -0.12* 0.20** 0.34** -0.04ns 0.04ns 
DTR4 -0.16** 0.14** 0.29** -0.08ns 0.01ns 
25R2R4 0.02ns 0.43** 0.41** 0.21* 0.21* 
28R2R4 0.06ns 0.43** 0.37** 0.11ns 0.13ns 
25R4Har 0.28** 0.36** 0.18* 0.11ns -0.03ns 
28R4Har 0.23** 0.33** 0.23** 0.16ns 0.01ns 
Table values include the result of Pearson’s correlation test: ns = not 
significant, * = significant at P-value <5%, ** = significant at P-value < 1%. 
Values for CHALK were averaged between two subsamples of 100 grains 
for each entry. 
Chalk = opaque area divided by total seed area (%); Yield = grain weight 
(5 ft row) dried at 11.5–12.5% moisture (g); BRY = brown rice yield: seed 
weight after dehulling 125 g sample (%); TOT = total milling yield: seed 
weight after milling brown rice divided by original sample weight (%); HRY 
= head rice yield: whole kernels weight of milling yield divided by original 
sample weight (%); DTR2 = days to reach R2 stage from seeding date 
(no.); DTR4 = days to reach R4 stage from seeding date (no.); 25R2R4 = 
total hours above 77 °F (25 °C) between the R2 and R4 stages (no.); 
28R2R4 = total hours above 82.4 °F (28 °C) between the R2 and R4 
stages (no.); 25R4Har = total hours above 77° F (25 °C) between R4 stage 
and harvest (no.); 28R4Har = total hours above 82.4 °F (28 °C) between 
R4 stage and harvest (no.). 
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Table 2. Entries with highest yield, lowest chalk and 
highest head rice yield for each planting. 
Yield  Chalk HRY 
(g) (%) (%) 
Planting 1   
Rondo (569)ns Jazzman 2 (0.11)ns Jupiter (65.85)ns 
STG14P-04-205 (571)* Presidio (0.13)ns RU1603144 (65.92)** 
RU1701081 (602)* Jazzman (0.13)ns RU1603138 (66.09)** 
CL151 (608)* Aroma 17 (0.16)ns Antonio (66.19)** 
Diamond (609)ns Chenierie (0.21)ns Presidio (66.23)** 
Teqing (627)ns CL172 (0.27)* Cybonnet (66.71)* 
RU1701084 (645) ns Templeton (0.28)ns Titan (67.11)* 
RU1504083 (645)** Katy (0.29)ns MM17 (67.58)ns 
Jasmine 85 (645)** CL152 (0.32)* Neptune (68.23)ns 
Titan (654)** Titan (0.37)ns Caffey (68.25)* 
Planting 3   
Mars (461)ns Jazzman 2 (0.04)ns Thad (63.46)ns 
RU1701096 (463)** Jazzman (0.09)ns MM17 (63.5)ns 
Taggart (477)ns Aroma 17 (0.12)ns Titan (63.9)* 
Trenasse(478)ns STG14P-04-205 (0.14)** Cybonnet (63.96)* 
Rondo (500)ns 17AYT058 (0.21)** Mars (64.53)ns 
Francis (522)ns Jasmine 85 (0.23)ns Catahoula (64.62)ns 
Neptune (531)ns RU1601121 (0.26)ns Jazzman (64.71)ns 
Caffey (535)ns Presidio (0.31)ns RU1601121 (65.06)ns 
Zhe733 (542)ns Bluebonnet (0.33)* Jupiter (66.13)ns 
Teqing (595)ns Starbonnet (0.34)** Neptune (66.37)ns 
Values in the parentheses refer to grain yield, chalk, and head rice yield (HRY) (%), 
respectively. Following the parentheses are the result of t-test comparisons of 
varietal means across plantings: ns = not significant, * = significant at P-value <5%, 
** = significant at P-value <1%. 
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Screening of Indica and Japonica Rice Subspecies for Grain Yield 
and Quality Under High Nighttime Temperature
A. Kumar1, S. Yingling1, C. Ruiz1, Y. Dwiningsih1, C. Gupta1, J. Thomas1, 
P. Counce2, K.A.K. Moldenhauer2, T.J. Siebenmorgen3, and A. Pereira1
Abstract
We report here on the analysis of a random subset of rice genotypes of indica and 
japonica subspecies, treated with high nighttime temperature (HNT) stress during flow-
ering, to compare the natural variation between the rice subspecies for HNT tolerance 
quantified by grain yield and quality. The genotypes were screened in temperature-
controlled greenhouses for HNT initiated at the R2 and R5 reproductive stages and 
continued until physiological maturity. A set of 10 indica and 10 japonica diverse rice 
genotypes were randomly selected from the USDA rice mini-core (URMC) collection. 
Phenotypic analysis of the genotypes showed that the japonica genotypes had a higher 
percentage of filled grains per panicle (yield component) when treated with HNT at the 
R2 and R5 growth stages, and a lower percentage of chalkiness in rice brown grains 
at the R5 growth stage under HNT compared to indica. We conclude that in this pilot 
study, the japonica subspecies lines used exhibited more HNT tolerance than the indica 
subspecies lines in terms of grain yield and quality and represents an important genepool 
to dissect the genetic mechanisms/pathways involved in the HNT tolerance traits. The 
identification of genetic markers for grain yield and quality under HNT, would be useful 
for rice breeders to develop improved U.S. rice cultivars stable for HNT.
Introduction
Climate change has caused an increase in high nighttime temperature (HNT) 
worldwide, which has been attributed to the decline in rice grain yield and quality each 
year (Peng et al., 2004). High nighttime temperature at the reproductive stage is one of 
the important factors causing poor grain filling leading to low grain yield and quality 
in rice under field conditions, and this effect can also be simulated under controlled 
conditions in the greenhouse (Cooper et al., 2008; Counce et al., 2005; Kumar, et al., 
1 Post-Doctoral Associate, Program Technician, Graduate Assistant, Graduate Assistant, Post-Doctoral 
Associate, Post-Doctoral Associate, and Professor, respectively, Department of Crop, Soil and 
Environmental Science, Fayetteville.
2 Professor and Professor, respectively, Rice Research and Extension Center, Stuttgart.
3 Distinguished Professor, Department of Food Science, Fayetteville.
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2017). Rice plants can be affected by increased temperature in several ways at different 
growth stages: a) vegetative–panicle initiation; b) reproductive–from panicle initiation 
to grain filling; and c) ripening–from grain filling to grain maturation (Welch et al., 
2010; Kumar et al., 2017).  
A large reduction in grain yield resulting from HNT in the field has been reported 
in major rice growing areas in the United States (Mohammed and Tarpley, 2014). 
Additionally, low grain quality caused by poor assimilate accumulation in the grains 
at grain-filling stage is affected by HNT (Lanning et al., 2011), leading to huge eco-
nomic losses (Lyman et al., 2013).  In the United States, the japonica rice subspecies 
is widely cultivated. Therefore, characterizing and quantifying the genetic variation 
in HNT tolerance for grain yield and quality traits between indica and japonica rice 
subspecies could be a useful approach. Favorable alleles can promote a higher percent 
of filled grains (%OFG) and/or lower percent chalkiness (%chalk) in the grains—the 
most easily quantifiable phenotype. Studies have been conducted to quantify the ge-
netic variation for heat tolerance of rice in response to HNT (Zhang et al., 2013). To 
quantify the genetic variation in these rice subspecies for ‘all major loci’ involved in 
these traits, we need to make a broad analysis such as a genome wide association study 
(GWAS) to identify the favorable/unfavorable loci for the trait and use this information 
for selection and breeding.
To initiate this research, a subset comprised of 10 indica and 10 japonica rice 
genotypes was selected from the USDA Rice Mini-Core Collection (URMC) a collec-
tion of 200 Oryza sativa diverse germplasm including japonica and indica subspecies 
as described by Agrama et al. (2009), and a preliminary screen for grain yield and 
quality under HNT was conducted. The objective of the study was to compare the two 
subspecies for quantifiable phenotypes, study correlations between response pheno-
types, determine the genetic versus environmental variation, and identify a good gene 
pool for genetic analyses of HNT tolerance. The molecular genetic analyses of grain 
yield and quality traits under HNT in both rice subspecies will aid in understanding 
the HNT response in rice subspecies and identify the useful genepool for development 
of improved U.S. cultivars.
Procedures
Plant Growth Conditions and Temperature Treatments
A subset of 10 indica and 10 japonica diverse rice genotypes from the Genetic 
Stocks Oryza Collection (GSOR), USDA-ARS Dale Bumpers National Rice Research 
Center, Stuttgart, Arkansas, was screened during summer 2017 under temperature stress 
treatments in greenhouses at the University of Arkansas System Division of Agricul-
ture’s Rosen Center in Fayetteville. Rice plants at the R2 (booting stage) and R5 (after 
anthesis to grain filling) were transferred to a HNT environment of 82.4 °F (28 °C) 
until reaching physiological maturity while controls were maintained at 71.6 °F (22 
°C), with the day temperature maintained at 86 °F (30 °C) in both the treatments and 
control. Temperatures recorded by a data logger (HOBO MX2303) in the greenhouse 
showed continuous HNT during the flowering and grain maturity periods. 
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Grain Yield and Quality Analysis
At physiological maturity, after filled grain turn brown, panicles were harvested 
and air-dried in an oven at 158 °F (70 °C ). Subsequently, five panicles were taken from 
each treatment: control and two HNT treatments—one initiated at R2 growth stage and 
the other at R5 stage—to calculate %OFG per panicle  which was determined manually 
and calculated for each panicle for the treatments. Dried rough rice from each panicle was 
de-hulled using a manually operated de-huller (Rice Husker TR120, Kett). Chalkiness 
was measured by an image analysis system WinSEEDLE™ Pro 2005a (Regent Instru-
ments Inc., Sainte-Foy, Quebec, Canada) and expressed as percent kernel projected area. 
Data shown are the average of two biological replicates with each replicate measured 
being an average of two 100 kernel brown rice samples. Significant differences between 
two 10-line subsets of japonica and indica rice subspecies, for %OFG and %chalk, were 
estimated by pairwise comparisons of means using Student’s t-test.
Results and Discussion
A set of indica and japonica subspecies genotypes were evaluated for %OFG 
per panicle and %chalk in brown grains from HNT treatment and control conditions 
in a greenhouse. The effect of HNT in both rice subspecies was measured in terms of 
%OFG, calculated for the treatments at R2 and R5 growth stages (Fig. 1A) and %chalk 
in brown rice kernels from R5 stage treatment through scanning with a WinSSEEDLE™ 
Pro (Fig. 1B). Based on the statistical analysis, the sets of indica and japonica subspe-
cies showed no significant difference between them in %OFG for the rice plants grown 
under control conditions, while they did exhibit significant differences for HNT treatment 
given at the R2 and R5 growth stages. On the other hand, indica and japonica subspe-
cies showed significant difference in %chalk in brown rice kernels at R5 growth stage 
under control and HNT conditions. The results of the screening of indica and japonica 
rice subspecies at the R2 stage under HNT showed 11.8% and 28.1%OFG, respectively 
(Fig. 1A). The R5 stage HNT screens of indica and japonica subspecies exhibit 69% 
and 74%OFG, respectively (Fig. 1A). In the findings of the study for %chalk in brown 
rice kernels, indica and japonica rice subspecies show an average of 3.5% and 2.2% 
chalk in brown kernels under the control condition, respectively, while they exhibit 
12.2% and 6.0 % chalk in the brown rice kernels at the later R5 developmental stage 
under HNT, respectively (Fig. 1B). The results show that for the set of random samples 
tested, japonica rice is more heat tolerant, with higher %OFG at R2 and R5 stages and 
lower %chalk in brown rice kernels at R5 stage as compared to indica rice subspecies.
Significance of Findings
In this report, we show the results of screening genotypes of indica and japonica 
subspecies to heat stress given at different rice growth stages under controlled green-
house conditions on grain yield and grain quality. The small pilot screen shows that the 
japonica subspecies set used in this study is more heat tolerant, compared to the indica 
lines. These results may be indicative of the population showing higher %OFG in seed 
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set and lower %chalkiness in brown rice grains under continuous HNT stress during the 
fertilization and maturation phase. The controlled screen in the greenhouse at specific 
growth stages is an effective strategy for phenotyping the subspecies that can be useful 
for the selection of improved U.S. rice cultivars. Based on the findings of the study, 
the 10 lines of the japonica rice subspecies utilized in this study may be a useful gene 
pool for molecular genetic analyses of the genes involved in heat tolerance for grain 
yield and quality under HNT and possibly could be used to improve U.S. rice cultivars.
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Fig. 1. Effect of high nighttime temperature (HNT) on percent of filled grains per panicle 
and percent chalkiness of brown grains in Indica and Japonica subspecies. Indica and 
Japonica genotypes at R2 and R5 stages were treated to HNT of 82.4 °F (28 °C) until 
maturity with controls maintained at 71.6 °F (22 °C). The daytime temperature was kept 
constant at 86 °F (30 °C). At physiological maturity, seeds were harvested, air-dried, and 
de-hulled using a manually operated de-huller (Rice Husker TR120). (A) Percent of filled 
grains was measured for the grains harvested from control and heat stressed treatments 
in greenhouses. Japonica subspecies showed higher percentage of numbers of filled 
grains at R2 and R5 stages as compared to Indica subspecies under heat stress. 
(B) Chalkiness was measured using an image analysis system (WinSEEDLE™ Pro 2005a) 
and expressed as percent kernel projected area. The Japonica subspecies genotypes 
exhibited lower percentage of chalkiness in the grains at R5 stage under heat stress 
as compared to Indica subspecies. Data are the means of five biological replicates with 
each replicate measured twice using 100 grains. Asterisks indicate significance at P ≤ 
0.05 using t-Test: Two-Sample Assuming Equal variances.
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Abstract
The Arkansas rice breeding program has the ongoing goal to develop new long- and 
medium-grain cultivars as well as specialty cultivars including aromatics and Japanese 
quality short-grains. Cultivars are evaluated and selected for desirable characteristics. 
Those with desirable qualities which require further improvement are utilized as parents 
in future crosses. Important components of this program include:  high-yield potential, 
excellent milling yields, pest and disease resistance, improved plant type (i.e., short 
stature, semidwarf, shorter maturity, erect leaves), and superior grain quality (i.e., low 
chalk, cooking, processing and eating). New cultivars are continually being released to 
rice producers for traditional Southern U.S. markets as well as for emerging specialty 
markets, which are gaining in popularity with rice consumers. This report describes 
the progress of the long-grain and specialty rice pure-line rice breeding efforts at the 
University of Arkansas System Division of Agriculture.
Introduction
The rice breeding and genetics program at the University of Arkansas System Divi-
sion of Agriculture’s Rice Research and Extension Center (RREC), Stuttgart, Arkansas 
is by nature a continuing project with the goal of producing improved rice cultivars for 
rice producers in Arkansas and the Southern U.S. rice-growing region. The Arkansas 
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cian I, Program Associate II, Program Associate III, Program Technician III, Program Technician II, 
Program Technician III, Program Associate I, Post Doctorial Researcher, Program Associate I, Program 
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Research and Extension Center (RREC), Stuttgart.
2 Rice Extension Agronomist, Department of Crop, Soil, and Environmental Sciences, RREC, Stuttgart.
3 Extension Plant Pathologist, Assistant Professor, Department of Plant Pathology, RREC, Stuttgart.
4 Professor, Department of Crop, Soil, and Environmental Sciences, Fayetteville.
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rice breeding program is a dynamic team effort involving breeders, geneticists, molecu-
lar geneticists, pathologists, soil scientists, physiologists, entomologists, economists, 
systems agronomists, weed scientists, cereal chemists, extension specialists, and statisti-
cians. We also encourage input from producers, millers, merchants and consumers. As 
breeders, we integrate information from all of these disciplines to make selections that 
are relevant to the needs of the entire rice industry.  We are always looking for ways to 
enable the producer to become more economically viable, adding value to their product. 
Breeding objectives shift over time to accommodate the demands of these players.
Breeding objectives for improved long-grain and specialty rice cultivars include: 
standard cooking quality, excellent grain and milling yields, low chalk in the kernel, 
improved plant type, and pest resistance. Throughout the years, improved disease re-
sistance for rice blast and sheath blight has been a major goal; more recently bacterial 
panicle blight has been added to this list. Blast resistance has been addressed by the 
pathology team, as well as through research by visiting scholars, and graduate students 
and by the development and release of the cultivars Katy, Kaybonnet, Drew, >Ahrent=, 
>Templeton= and CL172.  The cultivar >Banks= was also released from this program 
with blast resistance, but because blast resistance was derived from backcrossing, it 
did not contain the minor genes needed to protect it from IE-1k in the field. These 
cultivars are among the first to have resistance to all of the common Southern U.S. rice 
blast races. These first blast resistant cultivars released were susceptible to IE-1k, but 
they had field resistance, which kept the disease at bay. Templeton, one of the more 
recently released blast resistant cultivars has resistance to the race IE-1k. Furthermore, 
many of the experimental lines in the Arkansas rice breeding program have the gene 
Pi-ta which provides resistance to most southern blast ecotypes and some of these also 
have resistance to IE-1k. Sheath blight tolerance has been an ongoing concern and the 
cultivars from this program have also had the best sheath blight tolerance of any in the 
U.S. Rough rice grain yield has become one of the most important characteristics in 
the last few years and significant yield increases have been realized with the release of 
the long-grain cultivars >LaGrue=, >Wells=, >Francis=, Banks, >Taggart=, >Roy J=, 
LaKast and Diamond.
Procedures
The rice breeding program continues to utilize the best available parental material 
from the U.S. breeding programs, the USDA World Collection, and the International 
Centers: International Center for Tropical Agriculture (CIAT), International  Rice 
Research  Institute (IRRI), and Africa Rice Center (AfricaRice; formerly known as 
WARDA). Crosses are made yearly to improve grain yield and to incorporate genes 
for broad-based disease resistance, improved plant type (i.e., short-stature, shorter 
maturity, erect leaves), superior quality (i.e., low chalk, and good cooking, processing 
and eating), and N-fertilizer use efficiency into highly productive, well-adapted lines. 
The winter nursery in Puerto Rico is utilized to accelerate head row and breeder seed 
increases of promising lines, and to advance early generation selections each year. As 
outstanding lines are selected and advanced, they are evaluated extensively for yield, 
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milling, chalk, and cooking characteristics, insect tolerance (entomology group), and 
disease resistance (pathology group). Advanced lines are evaluated for N-fertilization 
recommendations, which include the proper timing and rate of N-fertilizer (soil fertility 
group), and for weed control practices (weed scientists).  
The rice breeding program utilizes all feasible breeding techniques and methods 
including hybridization, backcrossing, marker-assisted selection, mutation breeding, 
and biotechnology (gene editing in the future) to produce breeding material and new 
cultivars.  Segregating populations and advanced lines are evaluated for grain and milling 
yields, quality traits, maturity, plant height and type, disease and insect resistance, and 
in some cases cold tolerance. The state-wide rice performance testing program, which 
includes rice varieties and promising new lines developed in the Arkansas program and 
from cooperating programs in other rice-producing states, is conducted each year by the 
Rice Extension Agronomist. These trials contribute to the selection of the best materi-
als for future release and to provide producers with current information on rice variety 
performance. Disease data are collected from ongoing inoculated disease plots which 
are inoculated with sheath blight, blast and bacterial panicle blight, general observation 
tests which are planted in fields with historically high incidences of disease, and general 
observations which are made during the agronomic testing of entries.
Results and Discussion
Diamond, released to seed growers in 2016, was grown on 20% of the Arkansas 
rice acreage in 2018 and will be grown on a similar acreage in 2019 because of its 
excellent yields. It is a very-high yielding, short-season, long-grain line. The yield 
of Diamond for the 2016–2018 Arkansas Rice Performance Trials (ARPT) was 200 
bushels/acre compared to Roy J, LaKast, Wells, and Titan at 184, 186, 179, and 195 
bu./acre, respectively (Table 1).  Diamond not only has a yield advantage over Roy J, 
but it reaches maturity approximately five days earlier. Diamond has the desired kernel 
length of greater than 7 mm at 7.21 mm according to the Riceland Foods Inc. Labora-
tory. Head rice yield and cooking quality are also comparable to Wells and Roy J, and 
Diamond has a clear translucent kernel with low chalk (Table 1). Diamond, LaKast, 
and Wells have moderate lodging resistance ratings. The milling yield of Diamond in 
the Arkansas Rice Performance Trials (ARPT), 2017–2018 (Table 1) was 54/69 (54% 
head rice and 69% total rice), compared to LaKast and Wells at 55/69 and 52/70, 
respectively. Diamond does not carry any major resistance genes for rice blast and is 
rated susceptible to rice blast, similar to LaKast and Wells. It is moderately susceptible 
to bacterial panicle blight and very susceptible to false smut. 
The program released an aromatic line ARoma17 in January of 2018, which has 
good yield, plant type, aroma and taste (Wisdom et al., 2018).  It has a very low chalk 
rating and excellent yield. There are several other aromatic lines which are being con-
sidered for release in the future. 
In 2016, the high nighttime temperatures and rain showers during heading took 
a toll on rice yields in Arkansas. Selecting germplasm that could better tolerate these 
conditions was difficult. The Stuttgart Initial Test (SIT), which is grown at two locations, 
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the RREC and the University of Arkansas System Division of Agriculture’s Pine Tree 
Research Station (PTRS) near Colt, Arkansas, supplied an opportunity to select lines 
grown under different conditions. At the RREC, the growing conditions included: hot 
nighttime temperatures and rain during heading, while at PTRS the conditions were 
good during heading. These lines were in the ARPT in 2017 and 2018 (Table 2) for 
further evaluation. The line EXP17084 yielded 206 bushels/acre in the 2017–2018 
ARPT and it had good milling at 55/69 compared to Diamond at 206 bu./acre milling 
a 54/59. Another line, EXP17087, was also interesting because it contains Pi-ta and 
Pi-ks two blast resistance genes. This line yielded 186 bushels/acre and milled a 58/70 
for the two years.
Crosses were made for high yield, good quality, improved milling, and disease 
resistance in various combinations. Crosses were made for long-grain conventional 
lines, Clearfield lines and aromatic lines in 2018. The F2 populations from these crosses 
will be evaluated in 2019 and selections will be grown in the winter nursery during the 
winter of 2019–2020. During the winter of 2018–2019, we had 4000 F3 lines growing 
in Puerto Rico. Panicles harvested from each row produced the F4 lines, to be grown 
at the RREC as P panicle rows in 2019.
A new Clearfield line, which was selected in 2018, is currently being increased in 
Puerto Rico for testing in 2019. Seed of this line will be increased in 2019 for a future 
release by Horizon Ag, Inc. In the 2018 ARPT this line, EXPAR19, yielded 207 bu./
acre, comparable to Diamond at 206 bu./acre (Table 3) and has the added advantage of 
having the Pi-ta blast resistant gene.  
Marker-assisted selection continues to be utilized by this program to help select 
improved lines with specific genes. In this program, molecular markers allow selec-
tion of lines which carry genes associated with high yield in the wild species Orzya 
rufipogon, the Pi-ta gene for blast resistance and the CT classes to predict cooking 
quality (see Boyett et al., 2005 and 2009). Lines are in all stages of the program for 
interspecific crosses involving Oryza glaberrima and Oryza rufipogon. Additionally, 
this project has introduced a line from the International Rice Research Institute that 
has the gene Pi40 which is resistant to more races than Pi-ta. In 2019, a new effort will 
be underway to incorporate the Provisia trait into high yielding adapted varieties and 
germplasms. Lines derived from these projects improve the accuracy and efficiency of 
developing an improved variety.
Significance of Findings
The goal of the rice breeding program is to develop maximum yielding cultivars 
with excellent quality and good levels of disease resistance for release to Arkansas rice 
producers. The release of Taggart, Templeton, Roy J, LaKast and most recently Diamond 
demonstrate that continued improvement in rice cultivars for the producers of Arkansas 
is achieved through this program. Diamond could potentially be the modern replace-
ment for Wells. Improved lines will continue to be released from this program in the 
future. The new cultivar ARoma17 will provide producers with an Arkansas aromatic 
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line. New cultivars will have the characteristics of improved yield, disease resistance, 
plant type, rough rice grain and milling yields, low chalk, the desired larger kernel size, 
and overall grain quality. In the future, new rice varieties will be released not only for 
traditional southern U.S. long- and medium-grain markets but also for specialty markets 
that have emerged in recent years.
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Table 1. Three year average 2017–2018 Arkansas Rice Performance Trials for Diamond and 
other cultivars. 
 
Cultivar 
Grain 
typea 
Yieldb  
Height 
50% 
Heading 
Chalky 
kernelsc 
 
Milling 2016 2017 2018 Mean 
  --------------bu./acre-------------- (in.) (days) (%) (HR/TOT)d 
Diamond L 188 206 206 200 39 86 1.42 54/69 
LaKast L 182 188 187 186 40 84 1.49 55/69 
Roy J L 167 196 189 184 40 91 1.50 56/70 
Wells L 171 182 184 179 40 87 1.64 52/70 
Titan M 192 200 192 195 36 81 1.55 50/69 
ARoma 17 LA 162 176 164 168 38 87 1.39 59/70 
RT XP753e L 231 220 229 227 40 82 2.58 48/69 
RT CLXL745f L 192 202 190 195 41 80 2.70 50/70 
a Grain type L = long-grain; M = medium-grain; and LA = long-grain aromatic. 
b Yield trials in 2016 and 2018 consisted of five locations, Rice Research and Extension Center, 
  (RREC), Stuttgart, Arkansas; Pine Tree Research Station, (PTRS), Colt, Arkansas; Northeast 
  Research and Extension Center, (NEREC), Keiser, Arkansas; Clay County Arkansas Farmer Field, 
  (CC); and Desha County Arkansas Farmer Field (DC). 
c Data for chalk is from 2015–2017 Riceland Grain Quality Laboratory data. 
d Milling figures are head rice/total milled rice 2016–2018.  
e RT stands for RiceTec. 
f CL stands for Clearfield lines. 
 
 
Table 2. 2017–2018 Arkansas Rice Performance Trials for cultivars and experimental lines. 
Cultivar 
Grain 
typea 
Yieldb  50% 
Heading  Milling RREC PTRS NEREC CC DC Mean Height 
  -------------------------------bu./acre---------------------- (in.) (days) (HR/TOT)c 
Diamond L 209 186 198 227 208 206 37 87 54/69 
LaKast L 193 181 179 207 180 188 38 85 55/69 
Roy J L 195 187 182 207 192 193 39 92 57/70 
Wells L 178 168 178 201 191 183 38 88 52/71 
RT XP753e L 242 216 193 245 224 224 37 84 49/71 
EXP17084 L 203 202 207 213 203 206 36 90 55/69 
EXP17087 L 193 176 175 205 196 189 37 88 58/71 
a Grain type L = long grain. 
b Yield trials in 2017 and 2018 consisted of five locations, Rice Research and Extension Center,  
  (RREC), Stuttgart Arkansas; Pine Tree Research Station, (PTRS), Colt, Arkansas; Northeast 
   Research and Extension Center, (NEREC), Keiser, Arkansas; Clay County Arkansas Farmer 
   Field, (CC); and Chicot-Desha County Arkansas Farmer Field (DC).  
c Milling figures are head rice/total milled rice 2017–2018.  
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Table 3. 2018 Arkansas Rice Performance Trials for cultivars and experimental lines. 
Cultivar 
Grain 
typea 
Yieldb 50%  
RREC PTRS NEREC CC DC Mean Height Heading Milling 
  ------------------------bu./acre----------------------- (in.) (days) (HR/TOT)c 
CL151 L 190 196 157 198 185 185 33 80 54/70 
CL153 L 189 180 160 198 188 183 33 83 58/70 
CLL15 L 201 194 157 212 194 192 32 84 56/70 
19AR041 L 198 214 190 224 207 207 36 86 50/69 
RT G214 CL L 231 240 226 247 232 235 37 79 53/69 
RT 7311 CL L 218 231 134 233 228 209 39 82 50/70 
Diamond L 204 195 189 228 213 206 36 83 52/69 
a Grain type L = long grain. 
b Yield trials in 2018 consisted of five locations, Rice Research and Extension Center, (RREC), 
   Stuttgart Arkansas; Pine Tree Research Station, (PTRS), Colt, Arkansas; Northeast Research 
   and Extension Center, (NEREC), Keiser, Arkansas, Clay County Arkansas Farmer Field, (CC); 
   and Chicot-Desha County Arkansas Farmer Field (DC).  
c Milling figures are head rice/total milled rice 2017–2018. 
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Identification of Quantitative Trait Loci (QTLs) 
for Yield Traits in LaGrue Rice
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Abstract
Yield is a quantitative trait that is controlled by genetic and environmental factors. La-
Grue, a high-yielding long-grain rice cultivar developed by the University of Arkansas 
System Division of Agriculture has been used as a parent in the development of other 
elite rice cultivars. There is limited information on the genetics that give LaGrue its 
high-yielding advantage. The objectives of this study are to identify agronomic traits 
that give LaGrue its high-yielding potential and to identify quantitative trait loci (QTL)/
genes associated with the yield traits. A third objective of this study is to develop two 
recombinant inbred lines (RIL) for use in genetic studies. Four cultivars including 
LaGrue, Bengal, Lemont, and Mars were tested in a field study done at the University 
of Arkansas System Division of Agriculture’s Rice Research and Extension Center 
(RREC) near Stuttgart, Arkansas. Results from the study showed that LaGrue exceeded 
all three cultivars at number of seeds/panicle, number of primary panicle branches/
panicle, and seed weight/panicle. We also developed two bi-parental populations by 
crossing LaGrue with Lemont and Mars for QTL mapping and RIL line development. 
The results from this study can be used in the development of rice cultivars through 
marker-assisted selection. 
Introduction
The state of Arkansas is the top rice-producing state in the U.S., accounting for 
48% of total U.S. rice production (Hardke, 2018).  In 2018, farmers in Arkansas harvested 
1.42 million acres of rice with an average yield of 7520 lbs/acre (Hardke. 2018). One of 
the main priorities of Arkansas rice breeding programs is to increase grain yield. Yield 
is a quantitative trait that is controlled by multiple traits such as number of panicles/
plant, number of seeds/panicle, and seed weight (Xing and Zhang, 2010). Number of 
panicles is dependent on the number of effective tillers, and number of seeds/panicle 
is attributed to the number of spikelets/panicle (Xing and Zhang, 2010). The number 
1 Graduate Student, Professor, and Assistant Professor, respectively, Rice Research and 
Extension Center, Stuttgart.
2 Professor, Department of Crop, Soil, and Environmental Sciences, Fayetteville.
3 Assistant Professor, Department of Horticulture, Fayetteville.
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of spikelets is also attributed to the number of primary and secondary branches on the 
panicle (Xing and Zhang, 2010). Each yield trait is controlled by multiple genes and 
that are easily influenced by the environment (Xing and Zhang, 2010). 
LaGrue (PI-568891) is a high-yielding, short season, long-grain rice cultivar 
which was developed by the rice breeding program at the University of Arkansas System 
Division of Agriculture’s Rice Research and Extension Center (RREC) near Stuttgart, 
Arkansas in cooperation with the United States Department of Agriculture–Agricultural 
Research Service (USDA-ARS). The cultivar was released in 1993 by the University of 
Arkansas, University of Florida, Louisiana State University, Mississippi State University, 
University of Missouri, Texas A&M University, and the USDA-ARS (Moldenhauer 
et al., 1994). LaGrue originated from a cross between three parents: Bonnet 73 (Clor 
9654), Nova 76 (Clor 9948), and Newrex (Clor 9969) (BN73/NV76//BN73/3/NWRX). 
LaGrue has been used as a parental line in the development of elite rice cultivars such 
as Francis (PI 652727), Lakast (PI 674613), Roy J (PI 660665), Diamond and Taggart 
(PI 659092). However, there is limited information on the genetics that give LaGrue 
its high-yielding potential. The objectives of this study are to 1) identify yield traits 
that give LaGrue its high-yield 2) identify quantitative trait loci (QTLs) and candidate 
genes associated with yield traits in LaGrue and 3) develop two recombinant inbred 
lines to be used in future studies.
Procedures
Plant Material
For this study, four genetically distinct tropical japonica accessions including two 
long-grain cultivars LaGrue, and Lemont (PI-475833), and two medium-grain acces-
sions Bengal (PI-561735), and Mars (Clor 9945) were used. These four parents were 
selected for this study because they do not share any common parents with LaGrue, and 
as a result, provide a higher degree of genetic diversity among the parental collection. 
Lemont is an early maturing, semi-dwarf, long-grain cultivar developed by USDA-ARS; 
Texas Agricultural Experiment Station, Texas Rice Improvement Association, Texas Rice 
Research Foundation; Louisiana Agricultural Experiment Stations, and the Mississippi 
Agricultural and Forestry Experiment Station (Bolligh et al., 1985). Bengal is an early 
maturing, high-yielding, medium-grain cultivar developed at the rice research station 
in Crowley, Louisiana by the Louisiana Agricultural Experiment Station in cooperation 
with the USDA-ARS, RREC, Mississippi Agricultural and Forestry Experiment Station 
and Texas Agricultural Experiment Station (Linscombe et al., 1993). Mars is a high 
yielding, short-season cultivar that was developed jointly by the Arkansas Agricultural 
Experiment Station and the USDA-ARS (Johnston et al., 1979).
Parental Field Study
The four cultivars were evaluated in a randomized complete block (RCB) study 
with three replications and two planting dates in summer 2017. The cultivars were 
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planted in the field on 18 May and 8 June. The size of each plot was 12 × 4 ft. The 
planting depth was 1/2 inch and spacing within rows was 8 inches apart. The germina-
tion date for bay 1 was 26 May and for bay 2 was 15 June. Ten plants from each plot in 
the first planting date were randomly chosen for 13 agronomic traits including number 
of tillers/plant, number of panicles/plant, 1000 seed weight, number of seeds/panicle, 
total number of seeds/plant, number of primary panicle branches/panicle, number of 
spikelets/panicle and seed yield. The plots in the second planting were harvested for 
total yield of each cultivar. 
Bi-Parental Population Development
We developed two bi-parental populations by crossing LaGrue with Lemont and 
Mars. Crosses were made in the summer 2016 and F1 seed grown in the Spring 2017 
in a greenhouse. The F1 plants were checked for true/false F1 using simple sequence 
repeat (SSR) markers at the molecular genetics lab at RREC in Stuttgart, Arkansas. 
Seed from each F1 plant population were harvested and F2 seed were planted in the 
greenhouse in the spring 2018. The F2 plants in the greenhouse were then tissue sampled 
for genotypic analysis and seed from each plant was harvested separately to create F2:3 
families for the phenotypic study.
Phenotypic Evaluation of F2:3 Families
In the summer of 2018, 322 F2:3 families from the LaGrue × Lemont population 
were planted in panicle rows at two locations; RREC and the University of Arkansas 
System Division of Agriculture’s Pine Tree Research Station (PTRS) near Colt, Arkan-
sas. The families were planted in a RCB design with three replications for each family. 
The lines were planted at PTRS on 10 July and RREC on 11 July. The F2:3 families were 
evaluated in the field for plant height and 50% heading date. Two panicles from each 
line were sampled to evaluate Flag Leaf Length, Flag Leaf Width, number of primary 
and secondary panicle branches, and panicle length.
Genotypic Analysis
The bi-parental populations were genotyped using single nucleotide polymor-
phism (SNP) and SSR markers. Leaf tissue from each F2 plant were freeze dried and 
sent to Eurofins Scientific Inc. (Des Moines, Iowa) to be genotyped using an Infinium 
7K Rice SNP chip. For SSR marker analysis, DNA extraction on parental lines were 
done using cetyl trimethylammonium bromide (CTAB) method and were genotyped 
using 313 SSR markers to look for polymorphic markers using an ABI 3500 Capillary 
Electrophoresis DNA Analyzer (Applied Biosystems).
Statistical Analysis
Data analysis on parental evaluation was done using JMP to look for significant 
differences between each cultivar and to see which traits LaGrue excels at compared 
to the three cultivars. Data from the F2:3 families will be used for QTL mapping and 
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to look for correlations among the traits. QTL mapping will be performed using ICI 
mapping software (Meng et al., 2015). 
Results and Discussion
Parental Field Study
Results from the parental study show that LaGrue exceeded all three cultivars in 
number of seeds/plant, number of primary panicle branches/panicle, number of seeds/
panicle, and seed weight/panicle (Table 1). LaGrue exceeded Lemont and Bengal in 
number of spikelets/plant and number of spikelets/panicle (Table 1). Even though 
there was no significant difference between LaGrue and Mars in number of spikelets/
panicle, LaGrue did have a higher number of spikelets than Mars (Table 1). There were 
no significant differences between cultivars for number of tillers and panicle per plant 
(Table 1). For total seed yield/plot, the order of seed yield from highest to lowest is 
LaGrue>Bengal>Lemont>Mars (Table 2). The yield advantage between LaGrue and 
the other cultivars was from 6.0% to 21.5% yield increase (Table 2).
Genotypic Analysis of Population
Analysis of 7K SNP data shows 905 SNP markers that are polymorphic between 
LaGrue and Lemont. Analysis of 313 SSR markers found 87 markers that are polymor-
phic. These markers are distributed on all 12 chromosomes and will be used for QTL 
mapping of yield traits in the bi-parental population.
Phenotypic Evaluation of F2:3 Families
Evaluation of panicles from F2:3 families is still ongoing. Data from the population 
will be used for QTL mapping and statistical analysis.
Recombinant Inbred Line Development of Population
For RIL development of the population, one plant from each F2:3 line was trans-
planted from the field to the greenhouse in Stuttgart, Arkansas. Each plant was ratooned 
and F4 seed collected from each plant separately. The F4 seed from each line will be 
planted in the greenhouse for line advancement to F5 generation and later generations.
Significance of Findings
The results from the parental evaluation show that LaGrue’s high-yielding po-
tential is mostly attributed to the number of seeds produced per panicle. Phenotypic 
evaluation of F2:3 lines are still ongoing as of this moment. We hope that the data ob-
tained from phenotypic and genotypic analysis will give promising QTL’s that could 
be used in rice breeding.
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Table 1. Average of each yield trait for each cultivar. 
  Cultivars 
Trait LaGrue Lemont Mars Bengal 
# Filled seeds/plant 2013.1a† 1252.0 b 1358.6 b
 
 1211.9 b
 
 
# Spikelets/plant 2344.8 a 1385.9 b
 
 1770.6 ab
 
 1591.9 b
 
 
Seed weight/plant (g) 47.9 a
 
 33.0 b
 
 31.5 b
 
 32.4 b
 
 
1000 seed weight/plant 23.5 b
 
 26.1 a
 
 23.0 b
 
 26.5 a
 
 
Panicle length (cm) 20.3 b
 
 20.9 a
 
 19.8 c 19.3 d
 
 
# Primary panicle 
   branches 
12.1 a 11.1 b 11.1 b 11.2 b 
# Seeds/panicle 127.0 a
 
 90.7 c
 
 107.6 b
 
 103.3 b
 
 
# Spikelets/panicle 146.5 a
 
 100.4 c 140.2 ab
 
 135.6 b
 
 
# Blank seeds/panicle 20.1 b
 
 10.0 c
 
 33.2 a
 
 32.9 a
 
 
100-seed 
  weight/panicle (g) 
2.4 b 2.6 a 2.3 c 2.6 a 
Seed weight/panicle (g) 3.0 a
 
 2.4 c 2.5 c 2.80 b
 
 
# Tillers/plant 15.1 a
 
 14.1 a
 
 13.2 a
 
 12.3 a
 
 
# Panicles/plant 14.7 a
 
 13.8 a
 
 12.7 a
 
 11.8 a
 
 
† Means followed by different lowercase letters are statistically different at 
  the 0.05 level. 
 Table 2. Evaluation of total seed yield among the cultivars. 
Cultivar Yield/plot 
Yield difference 
(compered to LaGrue) Yield increase 
 (g)  (%) 
LaGrue 2004.47 0 0.00 
Bengal 1883.37 -121.1 6.0 
Lemont 1693.17 -311.3 15.5 
Mars 1572.87 -431.6 21.5 
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BREEDING, GENETICS, AND PHYSIOLOGY
Evaluation of Advanced Medium-Grain and Long-Grain 
Breeding Lines at Three Arkansas Locations
X. Sha1, B.A. Beaty1, J.M. Bulloch1, A. Ablao2, S.D. Clark2, 
M. Mann3, and M.W. Duren3
Abstract 
In order for rice breeders to identify the ideal genotypes for potential varietal releases 
it is critical to have a controlled yield trial under the most representative soil and en-
vironmental conditions. To bridge the gap between the single location, 2 replication 
preliminary yield trials and the multi-state Cooperative Uniform Regional Rice Nursery 
(URRN) and/or the multi-location statewide Arkansas Rice Performance Trial (ARPT), 
which only accommodate a very limited number of entries, an advanced elite line yield 
trial (AYT) was initiated in 2015. The trial is conducted at the University of Arkansas 
System Division of Agriculture’s Rice Research and Extension Center, (RREC), near 
Stuttgart, Arkansas; the Pine Tree Research Station, (PTRS), near Colt, Arkansas; and 
the Northeast Research and Extension Center, (NEREC), in Keiser, Arkansas. This new 
trial will help us to select the best and the most uniform breeding lines for advance-
ment into the URRN and/or ARPT trials, and ultimately will improve the quality of 
those yield trials.
Introduction
Complicated rice traits, such as yield and quality can only be evaluated effectively 
in replicated yield trials. Once reaching a reasonable uniformity, rice breeding lines 
are bulk-harvested and tested in single location, 2-replication preliminary yield trials, 
which include the Clearfield (CL) Stuttgart Initial Trial (CSIT) or Conventional Stuttgart 
Initial Trial (SIT). Each year, about 1000 new breeding lines are tested in CSIT or SIT 
trials. About 10% of the tested breeding lines, which yield numerically higher than com-
mercial checks and possess desirable agronomical characteristics, need to be tested in 
1 Professor, Program Associate II, and Program Associate II, respectively, Rice Research and Extension 
Center, Stuttgart.
2 Program Technician and Resident Director in Charge, respectively, Pine Tree Research Station, 
near Colt.
3 Program Technician and Resident Director in Charge, respectively, Northeast Research and Extension 
Center, Keiser.
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replicated and multi-location advanced yield trials. However, the current advanced yield 
trials include the multi-state Uniform Regional Rice Nursery (URRN) and statewide 
Arkansas Rice Performance Trial (ARPT) that only accommodate about 20 entries from 
each breeder each year. Obviously, a new replicated and multi-location trial is needed 
to accommodate those additional breeding lines. In addition to the verification of the 
findings in the previous preliminary trials, the new trial will result in purer and more 
uniform seed stock for URRN and ARPT trials. 
Procedures 
A total of 80 entries were tested in 2018 AYT trial, which included 70 experi-
mental lines (28 CL long-grain, 10 CL medium-grain, 14 conventional long-grain, and 
18 conventional medium-grain), and 10 commercial check varieties. Twenty five of the 
experimental lines were also concurrently tested in 2018 URRN and/or ARPT trials. 
The experimental design for all three locations is a randomized complete block with 
three replications. Plots measuring 5 feet wide (7 rows with an 8 inch row spacing) 
and 14.25 feet long were drill-seeded at 75 lb/acre rate. All seeds were treated with 
AV-1011 (18.3 fl oz/cwt) and CruiserMaxx Rice (7 fl oz/cwt) for blackbird and insects. 
The soil types at the University of Arkansas System Division of Agriculture’s Northeast 
Research and Extension Center (NEREC), the Pine Tree Research Station (PTRS), and 
the Rice Research and Extension Center (RREC) are Sharkey clay, Calloway silt loam, 
and DeWitt silt loam, respectively. Planting dates at NEREC, PTRS, and RREC were 
3 May, 20 April, and 12 April, respectively. A single pre-flood application of 148 lb 
nitrogen in the form of urea was applied to a dry soil surface at the 4- to 5-leaf stage, 
and a permanent flood was established 1–2 days later. At maturity, the 6 rows (includ-
ing a border row) of each plot were harvested by using a Wintersteiger plot combine 
(Wintersteiger AG, 4910 Ried, Austria), and the moisture content and plot weight were 
determined by the automated weighing system Harvest Master that is integrated into 
the combine. A small sample of seed was collected from the combine for each plot 
for later milling yield determination. Milling evaluations were conducted by Riceland 
Foods, Inc., Stuttgart, Arkansas. Grain yields were calculated as bushel per acre (bu./
ac) at 12% moisture content. 
Data were analyzed using the General Linear Model procedure of SAS software, 
v. 9.4 (SAS Institute, Inc., Cary, N.C.). Analysis of variance for grain yield, milling 
yields, days to 50% heading, plant height, and seedling vigor were performed for 
each location, and a combined analysis was conducted across the three locations. The 
means were separated by Fisher’s protected least square difference (LSD) test at the 
0.05 probability level. 
Results and Discussion 
The average grain yield of all entries across 3 locations is 195 bu./ac (Table 1), 
which is much higher than the 164 and 166 bu./ac average in 2017 and 2016, respec-
tively. Among the 3 locations, NEREC had the highest yield of 201, followed by 196 
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bu./ac of PTRS, and RREC with the lowest yield of 188 bu./ac. Overall, medium-grain 
rice outperformed long-grain rice. The top 5 highest yielding experimental lines are 
conventional medium-grain lines 18AYT76, 18AYT79, and 18AYT63 (RU1701121), 
CL medium-grain line 18AYT42, and CL long-grain line 18AYT23 (RU1801133) with 
the average grain yield of 231, 219, 219, 222, and 219 bu./ac, respectively. The aver-
age head rice and total rice of three locations are 67% and 69% (Table 2), compared 
with 68% and 70% in 2016, respectively. The average seedling vigor is 3.2, which is 
much better than the 4.8 of 2017; the average days to 50% heading is 79 days, and the 
average plant height is 39 inches. 
Five conventional medium-grain lines, 18AYT76, 18AYT79, 18AYT63 
(RU1701121), 18AYT69 (RU1801237), and 18AYT77, yielded significantly higher 
than check Jupiter and Titan, which have an average of 201 and 199 bu./ac, respec-
tively. Meanwhile, 7 CL medium-grain lines, including 18AYT42, 18AYT43, 18AYT45 
(RU1801238), 18AYT40 (RU1701167), 18AYT44, 18AYT47, and 18AYT46 had 
a significantly higher grain yield than CL272. Two CL long-grain lines 18AYT23 
(RU1801133) and 18AYT35 also yielded significantly higher than the highest yielding 
check CL151. Most of these top yielding experimental lines will be advanced to the 
2019 ARPT and/or URRN trials, meanwhile 18AYT63 (RU1701121) is being increased/
purified in the Puerto Rico winter nursery and the bulked seeds will be used to grow 
foundation seed at RREC in summer 2019 for potential release. 
Significance of Findings 
The new AYT trial successfully bridged the gap between the single location pre-
liminary yield trials with numerous entries and the multi-state or statewide advanced 
yield trial that can only accommodate a very limited number of entries by offering 
opportunities for the trial of additional elite breeding lines. Our results enable us to 
verify the findings from other yield trials, and to identify the outstanding breeding lines, 
which otherwise were excluded from URRN or ARPT trials due to insufficient space. 
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Table 1. Grain yield of 80 long- and medium-grain breeding lines and commercial checks in 
the advanced elite line yield trial (AYT) conducted at the University of Arkansas System 
Division of Agriculture’s Northeast Research and Extension Center (NEREC) at Keiser, 
Arkansas, Pine Tree Research Station (PTRS) near Colt, Arkansas, and Rice Research and 
Extension Center (RREC) near Stuttgart, Arkansas, 2018. 
Entry Pedigree GT† 
Grain yield (bu./ac) 
NEREC PTRS RREC Mean 
18AYT01 CL151 CL 217 198 192 202 
18AYT02 CL153 CL 208 199 194 200 
18AYT03 CL172 CL 204 171 187 187 
18AYT04 CL163 CL 202 189 188 193 
18AYT05 Mermentau L 178 180 185 181 
18AYT06 Cheniere L 171 197 197 189 
18AYT07 Diamond L 227 210 225 220 
18AYT08 Titan M 200 199 198 199 
18AYT09 Jupiter M 218 195 190 201 
18AYT10 CL272 CM 198 205 160 188 
18AYT11 RU0502068/RU1202088 CL 170 181 171 174 
18AYT12 RU1302048/RU1302045 CL 184 203 174 187 
18AYT13 RU1302048/RU1302045 CL 201 221 203 209 
18AYT14 RU1102192/4/WLLS/CFX-18/3/CFX-18/… CL 206 198 183 196 
18AYT15 CL172/RU1102192 CL 203 189 184 192 
18AYT16 RU1002128/RU1202097 CL 176 190 178 181 
18AYT17 RU1102034/RU1302045 CL 191 220 217 209 
18AYT18 CL172/RU1102034 CL 207 215 184 202 
18AYT19 RU1302045/CL111 CL 183 207 193 195 
18AYT20 CCDR/04CLPY003 CL 172 199 191 188 
18AYT21 CCDR/9502008-A//CFX-26/9702128 CL 164 192 182 179 
18AYT22 CCDR/9502008-A/3/CFX-18//CCDR/… CL 177 200 179 185 
18AYT23 CL172/4/9502008-A//AR1188/CCDR/3/… CL 209 227 221 219 
18AYT24 RU1202094/RU1102192 CL 189 207 171 189 
18AYT25 RU1102192/4/9502008-A/DREW/3/… CL 196 197 176 190 
18AYT26 CCDR/CLR11//CFX-26/9702128/3/RU1202097 CL 184 187 163 178 
18AYT27 RU0902125/CL152 CL 177 189 177 181 
18AYT28 RU1401164/CL111 CL 167 183 159 170 
18AYT29 RU1302048/RU0802031 CL 163 185 177 175 
18AYT30 CL131/RU1102134 CL 166 196 174 178 
18AYT31 RU1102034/RU1302045 CL 161 172 174 169 
18AYT32 RU1302045/RU1102031 CL 168 191 186 181 
18AYT33 CTHL/CL172 CL 196 173 213 194 
18AYT34 RU1102031/CL172 CL 211 195 210 205 
18AYT35 ROYJ/RU1501024 CL 216 224 210 217 
18AYT36 ROYJ/RU1501024 CL 221 210 183 205 
18AYT37 RU1102131/CL172 CL 209 211 193 205 
18AYT38 RU1102131/14CSIT203 CL 210 203 195 203 
18AYT39 RU1202168/JPTR CM 219 204 183 202 
18AYT40 EARL/9902028//RU1202068 CM 208 211 210 210 
18AYT41 EARL/9902028//RU1202068 CM 204 202 185 197 
18AYT42 TITN/RU1202168 CM 236 213 219 222 
18AYT43 CL271/JPTR CM 233 215 190 213 
18AYT44 EARL/9902028//RU1202068 CM 221 223 182 209 
18AYT45 EARL/9902028//RU1202068 CM 213 206 210 210 
18AYT46 TITN/RU1501027 CM 202 204 210 206 
18AYT47 TITN/RU1501096 CM 207 207 203 206 
Continued 
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Table 1. Continued. 
Entry Pedigree GT‡ 
Grain yield (bu./ac) 
NEREC PTRS RREC Mean 
18AYT48 14SIT818/RU1501096 CM 212 182 210 201 
18AYT49 MRMT/RU0502068 L 166 173 170 169 
18AYT50 CHNR/CTHL L 159 194 192 182 
18AYT51 RU1102134/5/CPRS/4/9502008/3/CPRS//… L 193 174 180 182 
18AYT52 MRMT/10AY027 L 177 199 164 180 
18AYT53 ROYJ/RU1102192 L 183 147 156 162 
18AYT54 RU1102034/RU1002128 L 201 179 179 187 
18AYT55 RU0502068/RU1002137 L 193 185 177 185 
18AYT56 RU0801093/MRMT L 200 178 180 186 
18AYT57 MRMT/FRNS L 192 195 179 189 
18AYT58 ROYJ/RU0902140 L 210 178 170 186 
18AYT59 ROYJ/RU1102192 L 191 153 147 164 
18AYT60 RU0902125/DMND L 195 187 175 186 
18AYT61 RU0802134/RU1301087 L 183 174 163 173 
18AYT62 RU1102131/RU1301087 L 196 165 172 178 
18AYT63 EARL/9902028//JPTR M 230 217 209 219 
18AYT64 JPTR/TITN M 213 220 199 211 
18AYT65 JPTR/J062 M 217 196 193 202 
18AYT66 LFTE*2/Sasanishiki M 182 175 164 174 
18AYT67 9865216DH2/EARL//JPTR M 222 224 196 214 
18AYT68 JPTR//EARL/9902028 M 228 192 199 206 
18AYT69 JPTR/EARL M 217 227 211 218 
18AYT70 JPTR/J062 M 228 208 194 210 
18AYT71 JPTR/RU1001099 M 226 203 166 198 
18AYT72 EARL/4/9502065/3/BNGL//MERC/RICO M 214 186 200 200 
18AYT73 JPTR//9865216DH2/EARL M 218 203 188 203 
18AYT74 9865216DH2/EARL/5/9865216DH2/4/… M 224 201 174 200 
18AYT75 RICO/BNGL//RU0602162/RU0502031 M 223 200 196 207 
18AYT76 RICO/BNGL//RU0602162/RU0502031 M 249 220 224 231 
18AYT77 JPTR/3/EARL//BNGL/SHORTRICO M 242 211 200 218 
18AYT78 JPTR/EARL M 216 191 205 204 
18AYT79 RU1001067/RU0602171 M 241 209 206 219 
18AYT80 RU1001067/JPTR M 203 176 189 189 
       
c.v.(%)‡   6.8 7.8 9.6 8.1 
LSD0.05   22 25 29 15 
† Grain type, CL = Clearfield long-grain, CM = Clearfield medium-grain, L = conventional long-grain, 
   and M = conventional medium-grain. 
‡ Coefficient of variance. 
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Table 2. Average seedling vigor (SV), days to 50% heading (HD), plant height (HGT), and 
milling yields (MY, % head rice/% total rice) of 2018 advanced elite line yield trial (AYT) 
conducted at the University of Arkansas System Division of Agriculture’s Northeast 
Research and Extension Center (NEREC) at Keiser, Arkansas, Pine Tree Research 
Station (PTRS) near Colt, Arkansas, and Rice Research and Extension Center (RREC) 
near Stuttgart, Arkansas. 
Entry Pedigree GT† SV‡ HD HGT %HR/%TR§ 
     (in.)  
18AYT01 CL151 CL 3.0 78 39 66/68 
18AYT02 CL153 CL 3.0 81 39 66/68 
18AYT03 CL172 CL 3.0 81 37 63/67 
18AYT04 CL163 CL 3.0 84 39 63/66 
18AYT05 Mermentau L 4.6 81 39 63/65 
18AYT06 Cheniere L 3.6 82 36 65/68 
18AYT07 Diamond L 3.1 80 41 63/67 
18AYT08 Titan M 3.0 74 40 68/69 
18AYT09 Jupiter M 3.0 80 38 66/68 
18AYT10 CL272 CM 3.0 80 40 67/68 
18AYT11 RU0502068/RU1202088 CL 3.0 81 41 66/67 
18AYT12 RU1302048/RU1302045 CL 3.3 80 38 63/66 
18AYT13 RU1302048/RU1302045 CL 3.0 81 35 64/67 
18AYT14 RU1102192/4/WLLS/CFX-18/3/CFX-18/… CL 3.0 79 40 67/69 
18AYT15 CL172/RU1102192 CL 3.3 77 41 67/69 
18AYT16 RU1002128/RU1202097 CL 3.3 80 40 67/69 
18AYT17 RU1102034/RU1302045 CL 3.4 79 39 68/70 
18AYT18 CL172/RU1102034 CL 3.1 82 41 65/68 
18AYT19 RU1302045/CL111 CL 3.2 75 41 66/68 
18AYT20 CCDR/04CLPY003 CL 3.3 74 40 67/68 
18AYT21 CCDR/9502008-A//CFX-26/9702128 CL 3.2 75 40 68/69 
18AYT22 CCDR/9502008-A/3/CFX-18//CCDR/… CL 3.0 76 39 68/69 
18AYT23 CL172/4/9502008-A//AR1188/CCDR/3/… CL 3.0 80 39 67/69 
18AYT24 RU1202094/RU1102192 CL 3.0 75 41 69/70 
18AYT25 RU1102192/4/9502008-A/DREW/3/… CL 3.0 79 39 68/69 
18AYT26 CCDR/CLR11//CFX-26/9702128/3/… CL 3.1 78 37 67/69 
18AYT27 RU0902125/CL152 CL 3.0 80 38 67/68 
18AYT28 RU1401164/CL111 CL 3.3 79 39 66/68 
18AYT29 RU1302048/RU0802031 CL 3.3 77 37 67/69 
18AYT30 CL131/RU1102134 CL 3.1 76 38 69/70 
18AYT31 RU1102034/RU1302045 CL 3.0 76 38 68/69 
18AYT32 RU1302045/RU1102031 CL 3.0 77 37 67/68 
18AYT33 CTHL/CL172 CL 3.2 81 38 66/68 
18AYT34 RU1102031/CL172 CL 3.2 81 39 65/66 
18AYT35 ROYJ/RU1501024 CL 3.2 75 40 64/67 
18AYT36 ROYJ/RU1501024 CL 3.6 80 40 64/67 
18AYT37 RU1102131/CL172 CL 3.2 80 41 66/67 
18AYT38 RU1102131/14CSIT203 CL 3.2 80 38 66/68 
18AYT39 RU1202168/JPTR CM 3.7 81 43 66/68 
18AYT40 EARL/9902028//RU1202068 CM 3.0 81 40 69/70 
18AYT41 EARL/9902028//RU1202068 CM 3.0 78 43 68/70 
18AYT42 TITN/RU1202168 CM 3.1 82 43 66/67 
18AYT43 CL271/JPTR CM 3.3 83 38 66/68 
18AYT44 EARL/9902028//RU1202068 CM 3.6 82 40 69/69 
18AYT45 EARL/9902028//RU1202068 CM 3.2 79 39 68/69 
18AYT46 TITN/RU1501027 CM 3.0 78 42 68/68 
Continued 
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Table 2. Continued. 
Entry Pedigree GT† SV‡ HD HGT %HR/%TR§ 
     (in.)  
18AYT47 TITN/RU1501096 CM 3.1 75 39 66/68 
18AYT48 14SIT818/RU1501096 CM 3.3 79 39 64/67 
18AYT49 MRMT/RU0502068 L 3.4 81 38 66/69 
18AYT50 CHNR/CTHL L 3.1 82 40 65/67 
18AYT51 RU1102134/5/CPRS/4/9502008/3/… L 3.1 79 39 67/69 
18AYT52 MRMT/10AY027 L 3.0 77 38 66/68 
18AYT53 ROYJ/RU1102192 L 3.6 80 43 64/67 
18AYT54 RU1102034/RU1002128 L 3.1 84 39 66/68 
18AYT55 RU0502068/RU1002137 L 3.0 79 38 67/69 
18AYT56 RU0801093/MRMT L 3.4 81 36 65/68 
18AYT57 MRMT/FRNS L 3.2 75 37 68/69 
18AYT58 ROYJ/RU0902140 L 3.6 87 35 61/65 
18AYT59 ROYJ/RU1102192 L 3.4 83 40 63/67 
18AYT60 RU0902125/DMND L 3.2 80 42 64/68 
18AYT61 RU0802134/RU1301087 L 3.0 83 42 66/69 
18AYT62 RU1102131/RU1301087 L 3.6 85 36 62/66 
18AYT63 EARL/9902028//JPTR M 3.3 80 41 67/69 
18AYT64 JPTR/TITN M 3.2 73 40 68/69 
18AYT65 JPTR/J062 M 3.7 79 39 67/69 
18AYT66 LFTE*2/Sasanishiki M 3.0 77 40 68/69 
18AYT67 9865216DH2/EARL//JPTR M 3.2 75 41 69/69 
18AYT68 JPTR//EARL/9902028 M 3.2 80 38 68/68 
18AYT69 JPTR/EARL M 3.2 79 36 68/69 
18AYT70 JPTR/J062 M 3.2 79 39 68/69 
18AYT71 JPTR/RU1001099 M 3.3 79 39 67/68 
18AYT72 EARL/4/9502065/3/BNGL//MERC/RICO M 3.2 78 37 69/70 
18AYT73 JPTR//9865216DH2/EARL M 3.0 78 37 69/69 
18AYT74 9865216DH2/EARL/5/9865216DH2/4/… M 3.1 75 42 68/69 
18AYT75 RICO/BNGL//RU0602162/RU0502031 M 3.3 78 39 68/69 
18AYT76 RICO/BNGL//RU0602162/RU0502031 M 3.2 76 36 70/70 
18AYT77 JPTR/3/EARL//BNGL/SHORTRICO M 3.2 79 39 66/67 
18AYT78 JPTR/EARL M 3.6 77 36 70/70 
18AYT79 RU1001067/RU0602171 M 3.7 80 36 68/69 
18AYT80 RU1001067/JPTR M 3.0 80 37 66/67 
       
c.v.(%)¶   9.4 1.8 3.6 1.6/1.4 
LSD0.05   0.3 1 1 1/1 
† Grain type, CL = Clearfield long-grain, CM = Clearfield medium-grain, 
   L = conventional long-grain, and M = conventional medium-grain. 
‡ A subjective rating 1–7 taken at emergence, 1 = excellent stand and 7 = no stand.  
§ Milling evaluation was conducted by the Research and Technical Center, 
  Riceland Foods, Inc. 
¶ Coefficient of variance. 
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BREEDING, GENETICS, AND PHYSIOLOGY
Development of Superior Medium-Grain and Long-Grain Rice 
Varieties for Arkansas and the Mid-South
X. Sha1, K.A.K. Moldenhauer1, E. Shakiba1, J.T. Hardke2, Y.A. Wamishe3, 
B.A. Beaty1, J.M. Bulloch1, D.K.A. Wisdom1, D.L. McCarty1, D.G. North1, 
V.A. Boyett1, and D.L. Frizzell1
Abstract 
To reflect the recent changes of the Arkansas rice industry and streamline the delivery 
of new and improved rice varieties to Arkansas rice growers, the medium-grain rice 
breeding project has expanded its research areas and breeding populations to include 
both conventional and Clearfield medium- and long-grain rice as well as hybrid rice. 
The newest elite breeding lines/varieties from collaborating programs, as well as lines 
with diverse genetic origins will be actively collected, evaluated, and incorporated into 
current crossing blocks for programmed hybridization. To improve the efficiency and 
effectiveness of the program, maximum mechanized-operation, multiple generations 
grown in the winter nursery, and new technologies such as molecular marker-assisted 
selection (MAS) are rigorously pursued.
Introduction
Medium-grain rice is an important component of Arkansas rice. Arkansas ranks 
second in medium-grain rice production in the United States only behind California. Dur-
ing 2008–2017, an average of 0.17 million acres medium-grain rice was grown annually, 
making up about 13% of total state rice acreage (USDA-ERS, 2018). Medium-grain rice 
acreage in Arkansas during the last decade varied from a high of 243,000 acres in 2011 
(21% of total rice planted) to a low of 99,000 acres in 2008 (7% of total rice planted). 
A significant portion of Arkansas rice area was planted to semi-dwarf long-grain 
varieties, such as CL151, CL153, CL172, and Cheniere. Locally developed varieties 
for Arkansas offer advantages including better stress tolerance and more stable yields. 
Improved semi-dwarf long-grain lines can also be directly adopted by the newly es-
tablished hybrid breeding program. Since genetic potential still exists for further im-
provement of current varieties, rice breeding efforts must continue to maximize yield 
and quality for the future.
1 Professor, Professor, Assistant Professor, Program Associate II, Program Associate II, Program Associ-
ate III, Program Technician II, Program Technician I, Program Associate II, and Program Associate III, 
respectively, Rice Research and Extension Center, Stuttgart.
2 Rice Extension Agronomist, Department of Crop, Soil, and Environmental Sciences, Stuttgart.
3 Associate Professor, Department of Plant Pathology, Stuttgart.
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The inter-subspecies hybrids between indica male sterile lines and tropical ja-
ponica restorer/pollinator lines, which were first commercialized in the United States 
in 1999 by RiceTec, have a great yield advantage over conventional pure-line varieties 
(Walton, 2003). However, further expansion of hybrid rice may be constrained by its 
inconsistent milling yield, poor grain quality, lodging susceptibility, seed shattering, 
and high seed cost. A public hybrid rice research program that focuses on the develop-
ment of adapted lines (male-sterile, maintainer, and restorer lines) will be instrumental 
in overcoming such constraints.
Procedures
Potential parents for the breeding program are evaluated for the desired traits. 
Cross combinations are programmed that combine desired characteristics to fulfill the 
breeding objectives. Molecular marker-assisted selection (MAS) will be carried out 
on backcross or top-cross progenies for simply inherited traits such as blast resistance 
and physicochemical characteristics. Segregating populations are planted, selected, and 
advanced at the University of Arkansas System Division of Agriculture’s Rice Research 
and Extension Center (RREC) near Stuttgart, Arkansas and the winter nursery in Lajas, 
Puerto Rico. Pedigree and modified single seed descent will be the primary selection 
technologies employed. A great number of traits will be considered during this stage 
of selection including grain quality (shape and appearance), plant type, short stature, 
lodging resistance, disease (blast, sheath blight, and panicle blight) resistance, earliness, 
and seedling vigor. Promising lines with a good combination of these characteristics 
will be further screened in the laboratory for traits such as kernel size and shape, grain 
chalkiness, and grain uniformity. Small size sample milling, as well as physicochemical 
analysis at Riceland Research and Technology Center, will be conducted to eliminate 
lines with evident quality problems in order to maintain the standard U.S. rice qual-
ity of different grain types. Yield evaluations include the Stuttgart Initial Yield Trial 
(SIT) and Clearfield SIT (CSIT) at RREC the Advanced Elite Line Yield Trial (AYT) 
and Clearfield AYT (CAYT) at RREC, Pine Tree Research Station (PTRS) near Colt, 
Arkansas, and Northeast Research and Extension Center (NEREC) in Keiser, Arkan-
sas. Advanced yield testing includes the Arkansas Rice Performance Trials (ARPT) 
conducted by Jarrod Hardke, the Arkansas rice agronomy specialist, at six locations in 
rice-growing regions across the state, and the Uniform Regional Rice Nursery (URRN) 
conducted in cooperation with public rice breeding programs in California, Louisiana, 
Mississippi, Missouri, and Texas. Promising advanced lines are provided to cooperat-
ing projects for the further evaluation of resistance to sheath blight, blast, and panicle 
blight, grain and cooking/processing quality, and nitrogen fertilizer requirements. All 
lines entered in the SIT or CSIT and beyond will be planted as head rows for purifica-
tion and increase purposes.
Results and Discussion
A great number of breeding populations have been created and rapidly advanced 
since 2013 when the senior author was hired. The field research in 2018 included 821 
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transplanted F1 populations, 718 space-planted F2 populations, and 60,908 panicle 
rows ranging from F3 to F7. Visual selection on approximately 700,000 individual 
space-planted F2 plants resulted in a total of 33,000 panicles which will be individually 
processed and grown as F3 panicle rows in 2019. From 60,908 total panicle rows, 4290 
were selected for advancement to next generation; 1498 rows appeared to be uniform 
and superior to others and therefore were bulk-harvested by hand as candidates of 2019 
SIT or Clearfield SIT (CSIT) trials. In 2018 CSIT, we evaluated 596 new breeding lines, 
which included 499 CL long-grain, and 97 CL medium-grain lines. 585 new conven-
tional breeding lines were tested in the SIT trial which consisted of 426 long-grain and 
159 medium-grain lines. Marker-assisted selection was conducted on all preliminary 
yield trial entries by using 11 SSR and SNP molecular markers for physicochemical 
characteristics and blast resistance genes. An 80-entry Advanced Elite Line Yield Trial 
(AYT) was conducted at NEREC and PTRS in addition to RREC, while a new 40-entry 
CL AYT (CAYT) was tested at RREC, which was treated with 2× the recommended 
rate of NewPath herbicide. A number of breeding lines showed yield potential similar 
to or better than the check varieties (Tables 1–4). Twenty-five advanced experimental 
lines were evaluated in the multi-state URRN and/or statewide ARPT trials. Results of 
those entries and selected check varieties are listed in Table 5. Three Puerto Rico winter 
nurseries comprising 11,500 rows were planted, selected, harvested and/or advanced 
throughout 2018. A total of 895 new single crosses and backcrosses were made to in-
corporate desirable traits from multiple sources into adapted Arkansas rice genotypes, 
which included 288 CL long-grain, 114 CL medium-grain, 275 conventional long-grain, 
160 conventional medium-grain, and 48 B and R line crosses. Additionally, we made 
206 testcrosses and 49 backcrosses for hybrid rice breeding. 
Semi-dwarf CL long-grain line 16AR1111 (RU1601111) and CL medium-grain 
line 16AR1030 (RU1601030) continuously performed well in 2018 trials. Both lines 
have been approved by University of Arkansas System Division of Agriculture for of-
ficial release to the BASF (Ludwigshafen, Germany) and Horizon Ag (Memphis, Tenn.) 
as CLL15 and CLM04, respectively. The conventional medium-grain line 17AR1121 
(RU1701121) has shown excellent yield potential in ARPT and other multi-state and 
multi-location trials for the last 3 years. Breeder head row increase/purification is un-
derway in the Puerto Rico winter nurseryand will be ready for harvest in March 2019; 
the seed will be used for producing foundation seed at the RREC for potential 2020 
release. One hundred and seventy one breeding lines and two experimental three-line 
long-grain hybrids that outperformed commercial check varieties in AYT, CAYT, CSIT, 
and SIT trials were selected and further evaluated in the laboratory as candidates for 
2019 advanced yield trials including ARPT and/or URRN.
Significance of Findings
Successful development of medium-grain varieties Titan and CLM04 and the 
long-grain variety CLL15 offers producers options for variety and management systems 
in Arkansas rice production. Continued utilization of new germplasm through exchange 
and introduction remains important for Arkansas rice improvement.
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Table 1. Performance of selected Clearfield long-grain experimental lines and check varieties in the Clearfield 
Stuttgart Initial Trial (CSIT) at the University of Arkansas System Division of Agriculture’s Rice Research and 
Extension Center near Stuttgart, Arkansas, 2018. 
Variety/Line Pedigree 
Seedling 
vigor† 
Days to 
50% 
heading 
Plant 
height Yield 
Milling yields 
Head 
rice 
Total 
rice 
    (cm) (bu./ac) -------(%)------- 
18CSIT196a‡ RU1201087/RU1202097 5.0 74 103 222 63.3 70.6 
18CSIT581b RU1102034/RU1501024*2 3.0 78 113 215 62.6 70.1 
18CSIT255a MRMT/STG10IMI-05-034 5.5 75 102 212 60.3 73.2 
18CSIT478c 14SIT713/CL172 3.5 75 96 211 66.1 71.8 
18CSIT566b DMND/RU1501024 4.0 80 123 210 62.6 70.1 
18CSIT205a RU1202051/RU1202088 5.0 73 107 210 62.0 70.4 
18CSIT605b RU1102131/14CSIT203 3.5 78 101 207 65.6 72.1 
18CSIT235a RU1002125/RU1202082 5.0 75 107 206 64.9 72.6 
18CSIT106a RU1102034/CL151 6.0 76 114 205 64.1 73.1 
18CSIT165a MRMT/4/CFX-18//CCDR/9770532 DH2/3/… 5.0 75 105 205 64.0 70.4 
18CSIT592b ROYJ/RU1501024 4.5 76 102 204 57.3 68.2 
18CSIT284c RU1302048/CL151 4.0 68 92 202 57.8 69.3 
CL151a CL151 3.0 73 107 204 n/a n/a 
CL153a CL153 3.0 75 108 188 n/a n/a 
CL172a CL172 3.0 73 97 180 n/a n/a 
† A subjective 1–7 rating taken at emergence, 1 = perfect stand and 7 = no stand. 
‡ a = Planted on 5 April, b = planted on 18 April, and c = originally planted on 14 May but lost to Canada goose and 
  re-planted on 6 June. 
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Table 2. Performance of selected Clearfield medium-grain experimental lines and check varieties in 
Clearfield Stuttgart Initial Trial (CSIT) at the University of Arkansas System Division of Agriculture’s 
Rice Research and Extension Center near Stuttgart, Arkansas, 2018. 
Variety/Line Pedigree 
Seedling 
vigor† 
Days to 
50% 
heading 
Plant 
height Yield 
Milling yields 
Head 
rice 
Total 
rice 
    (cm) (bu./ac) --------%-------- 
18CSIT645b‡ RICO/BNGL//RU1202068 4.3 79 107 204 n/a n/a 
18CSIT572b TITN/RU1501096 4.0 72 98 203 60.2 69.4 
18CSIT584b 14SIT862/RU1501096 4.0 74 93 202 58.2 64.3 
18CSIT569b CFFY/RU1501027 4.0 81 103 202 63.8 69.6 
18CSIT656b EARL/9902028//RU1202168 4.3 80 104 197 n/a n/a 
18CSIT015a CFFY/RU1202168 3.0 79 104 194 64.3 70.7 
18CSIT044a JPTR/CL261 4.5 73 100 193 64.4 68.7 
18CSIT014a CFFY/RU1202068 4.0 78 102 188 59.9 68.7 
18CSIT329c 07SP308/RU1202168 3.0 74 98 187 60.9 69.3 
18CSIT354c 07SP291/CL261 3.0 73 100 186 54.4 67.1 
18CSIT392c JPTR/RU1202068 3.5 76 102 185 63.7 69.2 
18CSIT162a TITN/RU1202068 3.5 76 99 184 65.3 70.0 
CL272a CL272 3.0 77 113 141 n/a n/a 
CL272b CL272 3.0 80 112 171 n/a n/a 
CL272c CL272 3.0 79 108 140 n/a n/a 
† A subjective 1–7 rating taken at emergence, 1 = perfect stand and 7 = no stand. 
‡ a = Planted on April 5, b =  planted on April 18, and c = originally planted on May 14 but lost to Canada 
  goose and re-planted on June 6. 
 
Table 3. Performance of selected conventional medium-grain experimental lines and check varieties in 
Stuttgart Initial Trial (SIT) at the University of Arkansas System Division of Agriculture’s Rice Research 
and Extension Center near Stuttgart, Arkansas, 2018. 
Variety/Line Pedigree 
Seedling 
vigor† 
Days to 
50% 
heading 
Plant 
height Yield 
Milling yields 
Head 
rice 
Total 
rice 
    (cm) (bu./ac) --------%-------- 
18SIT0538c‡ JPTR/RU0401084 6.0 83 108 220 66.3 69.1 
18SIT1135c JPTR/TITN 5.0 79 106 216 65.1 68.2 
18SIT0612a JPTR/3/STG02P-02-072/RU0401136//JPTR 5.0 76 107 214 64.8 68.7 
18SIT0987c EARL/JPTR 5.0 79 106 213 64.4 68.2 
18SIT0652a RU1001067/TITN 4.5 77 97 212 67.7 70.0 
18SIT0614a RU0401064/TITN 5.0 76 101 207 63.4 67.3 
18SIT0566a CFFY/NPTN 4.5 75 109 206 59.2 69.7 
18SIT0609a BNGL/RU0602171 4.0 76 105 206 62.6 68.7 
18SIT0782b RU1301121/TITN 4.5 73 103 203 66.1 70.5 
18SIT0939b NPTN/07PY828 4.0 79 99 202 65.4 68.7 
18SIT1137c RU1001067/JPTR 4.0 77 101 200 65.8 68.3 
18SIT0759b JPTR/EARL 5.0 79 98 199 63.6 68.1 
Jupiterc Jupiter 4.0 79 102 206 n/a n/a 
Titana Titan 3.0 73 109 212 n/a n/a 
Titanb Titan 3.0 72 103 188 n/a n/a 
† A subjective 1–7 rating taken at emergence, 1 = perfect stand and 7 = no stand. 
‡ a = Planted on April 12, b = planted on April 17, and c = planted on May 8. 
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Table 4. Performance of selected conventional long-grain experimental lines and check 
varieties in Stuttgart Initial Trial (SIT) at the University of Arkansas System Division of 
Agriculture’s Rice Research and Extension Center near Stuttgart, Arkansas, 2018. 
Variety/Line Pedigree 
Seedling 
vigor† 
Days to 
50% 
heading 
Plant 
height Yield 
Milling yields 
Head 
rice 
Total 
rice 
    (cm) (bu./ac) --------%-------- 
18SIT0556a‡ RU1102034/LKST 4.0 78 105 234 62.6 70.1 
18SIT0506c RU1102034/RU1201108 4.5 80 100 230 64.6 71.9 
18SIT0688b ROYJ/RU1102034 4.0 79 107 228 60.6 70.1 
18SIT0606a RU1202131/TGRT 5.0 83 113 218 64.6 72.2 
18SIT1053c DMND/RU1601044 4.0 80 114 215 61.0 68.7 
18SIT0602a RU1202131/FRNS 4.0 76 106 215 65.3 71.6 
18SIT1101c MRMT/DMND 4.0 80 123 208 67.4 70.8 
18SIT1013c RU1102031/LKST 5.5 74 97 208 58.9 68.5 
18SIT0674b RU1102034/FRNS 5.0 80 117 207 57.8 67.8 
18SIT0501c RU1002128/ROYJ 4.0 84 107 207 61.3 70.2 
18SIT0557a RU1102034/RU1002128 5.0 81 101 206 66.0 71.5 
Diamondb Diamond 3.0 81 111 204 n/a n/a 
Diamondc Diamond 4.0 81 112 206 n/a n/a 
LaKastb LaKast 3.0 75 114 206 n/a n/a 
Roy Ja Roy J 3.0 83 117 176 n/a n/a 
Chenierea Cheniere 5.0 82 100 179 n/a n/a 
† A subjective 1–7 rating taken at emergence, 1 = perfect stand and 7 = no stand. 
‡ a = Planted on April 12, b = planted on April 17, and c = planted on May 8. 
 
Table 5. Average yield, milling, and agronomic characteristics of selected experimental long-
grain and medium-grain lines and check varieties tested in the Uniform Regional Rice Nursery 
(URRN) in Arkansas, Louisiana, Mississippi, Missouri, and Texas, 2018. 
Entry Pedigree 
Grain 
type† 
Days to 
50% 
heading 
Plant 
height Yield 
Milling yields 
Head 
rice 
Total 
rice 
    (cm) (bu./ac) ---------%--------- 
RU1601030 RU1202168/JPTR CM 86 106 197 60.7 68.0 
RU1801137 14SIT818/RU1501096 CM 86 94 198 59.9 68.2 
RU1801238 EARL/9902028//RU1202068 CM 84 98 197 59.2 70.2 
RU1801097 RU1102034/RU1302045 CL 84 104 195 59.7 69.9 
RU1801101 CL172/RU1102034 CL 86 104 201 59.8 69.8 
RU1801169 ROYJ/RU1501024 CL 86 102 203 57.1 69.2 
RU1801221 CTHL/CL172 CL 87 94 194 62.2 71.2 
RU1701121 EARL/9902028//JPTR M 88 102 200 61.8 67.9 
RU1801211 9865216DH2/EARL//JPTR M 81 103 198 57.1 69.7 
RU1801237 JPTR/EARL M 87 88 204 66.0 70.1 
RU1701185 CHNR/CTHL L 87 101 194 62.4 71.3 
Jupiter Jupiter M 86 99 187 63.5 67.4 
Titan Titan M 81 97 181 62.2 69.1 
CL153 CL153 CL 85 99 178 62.4 70.6 
CL172 CL172 CL 86 96 171 61.2 69.8 
CL272 CL272 CM 86 102 180 57.4 69.6 
Diamond Diamond L 85 103 203 53.7 68.2 
† CL = Clearfield long-grain, CM = Clearfield medium-grain, L = long-grain, and M = medium-grain. 
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BREEDING, GENETICS, AND PHYSIOLOGY
Hybrid Rice Program in 2018
E. Shakiba1, K.A.K. Moldenhauer1, X. Sha1, P.Counce1, R. Scott1, G. Bathke1, 
D.G. North1, V.A. Boyett1, A. Rice1, O. Azapoglu1, M.Q. Esguerra1, 
R. Dhakal1, and C.C. Hemphill1
Abstract 
The major focus of the Hybrid Rice Program in 2018 was to produce experimental hy-
brid lines by crossing newly developed male-sterile lines with elite cultivars/advanced 
lines. Moreover, two experimental hybrid lines will be evaluated in a 2019 Arkansas 
hybrid yield trial (ARPT). The hybrid breeding program successfully constructed a 
pipeline for production of male-sterile lines for the two-line hybrid system which in-
cludes populations from early through advanced generations. Development of parental 
material required for developing hybrid rice through the three-line hybrid system has 
also been expanded.
Introduction
Hybrid rice is one of the significant agricultural innovations made in the 20th 
century with the discovery of the semi-dwarf gene sd-1 (Dhindsa, 2014). Hybrid 
rice is defined as commercially grown F1 seeds resulting from a cross between two 
pure-line genetically distant parents (Virmani et al., 2003). Since developing the first 
hybrid rice cultivar in 1974, production of hybrid rice has been gradually extended to 
all rice-growing regions around the world (Virmani et al., 2003; Azimuddin, 2014). 
For example, in 2010 more than 51% of the total rice area in China was dedicated for 
hybrid rice production. Hybrid rice is also grown in many major rice-producing nations 
including: Bangladesh, India, the Philippines, Indonesia, Vietnam and the U.S (Janaiah 
and Xie, 2010; Barclay, 2010). 
Generally, there are two systems for hybrid rice production. One is a two-line 
system which includes an environment-sensitive genic male sterile (EGMS) designated 
as the female parent and an adapted rice variety as a pollen donor parent. The other 
system is a three-line system which requires a cytoplasmic male-sterile (CMS), main-
tainer, and restorer (R) line (Virmani et al., 2003).
Obtaining higher yielding varieties is the foremost goal in hybrid rice production. 
The yield advantage of hybrid rice over conventional rice varieties is due to its vigor, 
also known as heterosis. Several studies have shown that heterosis effectively influences 
1 Assistant Professor, Professor, Professor, Professor, RREC Director, Program/Project Director, Program 
Technician, Program Associate, Graduate Student, Graduate Studeent, Postdoctoral  Associate, Program 
Associate, and Program Associate, respectively, Rice Research and Extension Center, Stuttgart.
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multiple yield components such as panicle number and spikelet number (Amandakumar 
and Sreehangasamy, 1984; Chang et al. 1971, 1973; Devarathinam 1984). In 2010, the 
University of Arkansas System Division of Agriculture, which is one of the major rice 
variety developers in the U.S., established the rice hybrid program at the Rice Research 
and Extension Center (RREC) near Stuttgart, Arkansas. The objective of the program 
is to address a need for  high yielding, good quality hybrid rice varieties which are 
suitable for cultivation in the mid-Southern United States.
Procedures
Two-Line System
In the summer of 2018, several male-sterile lines representing different gen-
erations and populations were grown. Generally, early generations are evaluated via 
pollen stain to determine % of sterility and molecular studies are conducted to detect 
genes/quantitative trait loci (QTLs) associated with several agronomic and quality 
traits including amylose content, gelatinization temperature, plant height, and disease 
resistance. Currently, F1 seeds from 33 different combinations are being grown in the 
RREC greenhouse in order to develop new male-sterile lines. One hundred seventy F2 
plants (resulting from crosses between a new EGMS line and adapted Arkansas lines) 
were screened in a greenhouse which was set up to induce sterility. Of 170 F2 plants, 76 
homozygous sterile plants were identified. Molecular analysis indicated that 19 plants 
out of the 76 F2 plants had genes/QTLs associated with cooking quality and disease 
resistance. The 19 F2 plants were ratooned and placed in a growth chamber to obtain 
F3 seeds. Another group of 44 F3 populations resulting from Arkansas male-sterile lines 
crossed to elite rice cultivars was grown in separate plots, each comprised of 100 space 
planted individual plants. These plants were evaluated for % sterility, plant shape, plant 
height, panicle exsertion, and heading dates. Previously, these lines had been tested for 
cooking quality traits and other agronomic characteristics via molecular evaluations. 
A total of 105 single plants were selected, ratooned and placed in a greenhouse for F4 
seed production. In addition, 300 F4 lines from 10 different populations developed in 
2014 will be planted in the field during the summer of 2019.
The intermediate and advanced malesterile lines were tested for several pheno-
typic characteristics such as heading date, plant height, plant type, panicle exsertion, 
stiff straw, number of tillers, and number of panicles in the field. A total 30 BC1F5 
male sterile lines grown in the field were evaluated for phenotypic characteristics. 
Previously, these male-sterile lines were evaluated through extensive phenotypic and 
molecular analysis for several agronomic traits. The selected male sterile plants were 
transferred to a greenhouse and ratooned to obtain BC1F6 seeds which will be planted in 
the field in the summer of 2019. A total of 56 advanced BC1F6 male sterile populations 
were grown in the field and evaluated for phenotypic characteristics and combining 
ability. The superior lines were selected and their seed were sent to the winter nursery 
for seed increase. 
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Three-Line System
We introduced several cultivars containing the restorer genes Rf3 and Rf4 into 
our germplasm.
These cultivars were received from Dale Bumpers National Rice Research Cen-
ter, USDA-ARS, Stuttgart, Arkansas. The lines were tested via molecular analysis for 
homozygosity. Meanwhile, we continue to develop restorer lines for three-line hybrid 
rice by crossing University of Arkansas System Division of Agriculture restorer lines 
with elite rice cultivars. These populations will be evaluated for their phenotypic char-
acteristics in field conditions during the summer of 2019. These restorer lines include 
70 F2 populations, 49 F3 populations, 23 F4 populations, and 3F6 populations. 
Winter Nursery 
In 2018, the hybrid program searched for a suitable location(s) for seed production 
of advanced EGMS lines. A requirement for a suitable location(s) was a consistently 
mild winter temperature. Two locations were selected as potential winter nurseries: 
University of Florida, Institute of Food and Agricultural Sciences (IFAS), Palm Beach 
County Extension, Agronomic Crops, Belle Glade, Florida (26.6845° N, 80.6676° W), 
and University of Puerto Rico Mayagüez Campus, Agricultural Experiment Station, 
Lajas Substation (18.0500° N, 67.0593° W). The rice was planted 1 and 15 November 
at Belle Glade; on the first planting date, 15 plants of each line were planted in 6 rows. 
To evaluate the seed production of these locations, 8 single plants from each advanced 
line were grown in a greenhouse at RREC as checks. To simultaneously check these 
lines for sterility, two of these 8 plants were later transferred to a growth chamber 
which simulated the appropriate environmental conditions required for sterility and the 
other 6 plants were kept in a greenhouse for seed production. Seeds from the restorer 
populations were also sent to Puerto Rico for seed increase.
Experimental Hybrid Rice
The main objective during the summer of 2018 was to identify the best combina-
tions for hybrid rice production by crossing male-sterile lines with elite cultivars and 
advanced rice lines. More than 330 crosses were made in the summer of 2018. Twenty-
one crosses were made for advanced yield testing (ARPT and SIT) to be completed in 
2019 while 246 crosses were made for a separate heterosis study which will be grown 
in 2019. The 2018 heterosis study evaluated 70 experimental hybrid rice lines which 
had been developed in 2017.  . 
With the collaboration of Karen Moldenhauer, parents of two of the 2017 high yield 
experimental rice hybrids (H-16-2 and H-16-4) were grown for production of hybrid F1 
seed in the field in 2018. Both male sterile lines have similar phenotypic characteristics 
including 90 d heading date, stiff straw and erect plant shape, no lodging, good seed 
yield, and good milling quality They also possess the semi-dwarf (sd-1) gene and blast 
resistance (Pi) genes. Both of these lines have acceptable seed quality characteristics 
including non-aroma, long grain, intermediate amylose content, medium gelatinization 
temperature, white color, and low chalk.  
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Results and Discussion
The strategy for developing hybrid lines rice and their parents, to some extent, is 
different from conventional variety development; however, both strategies rely heavily 
on extensive phenotypic and molecular evaluations. In a hybrid program, the early gen-
erations are evaluated based on molecular analysis while the selection of advanced lines 
is based on phenotypic evaluation. In 2018, hundreds of restorer lines were evaluated 
in greenhouse and field conditions. Only 10% of the F3 restorer lines were selected for 
the next generation based on test crosses. Those F3 lines that had only partial restor-
ability or no restorability were discarded.  All male-sterile lines from all generations 
were screened for percent sterility, but intermediate and advanced generations will be 
appraised for their combining ability and male sterile seed production. 
The 2018 heterosis (preliminary) study showed a significant improvement in 
the plant type characteristics (e.g., plant height, plant shape, panicle size etc.) of the 
experimental hybrid rice resulting from the new male-sterile line as compared to the 
experimental hybrid rice resulting from 811s (old Arkansas male-sterile line). More-
over, 16 experimental hybrid rice lines of the 70 in the heterosis study outperformed 
the best checks, Diamond and Roy J. These superior experimental hybrid lines will be 
evaluated in the summer of 2019.
Florida and Puerto Rico were selected as possible locations for the production 
of male-sterile seed during the winter. In Florida, the winter of 2018 was unexpectedly 
cooler than previous years, resulting in a negative effect on plant growth.  However, this 
issue did not occur in Puerto Rico. Seeds from lines in Puerto Rico will be harvested 
in March 2019 and the lines with the highest seed production will be selected as new 
EGMS male sterile lines.
Collaboration with Karen Moldenhauer for F1 hybrid seed production posed the 
question, what is the optimum ratio between male and female (male sterile) plants 
according to Arkansas weather conditions and field management practices?  We are 
planning to conduct a study to address this question.
Significance and Findings
We are in the final steps of developing a new EGMS line for developing hybrid 
lines through a two-line system. We continue to develop other hybrid parental lines 
through extensive molecular and phenotypic evaluations. The hybrid-breeding program 
has two experimental hybrid lines for the ARPT tests. These lines will be tested in  2 
or 3 locations in Arkansas in 2019.
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BREEDING, GENETICS, AND PHYSIOLOGY
Development of Aromatic Rice Varieties
D.K.A. Wisdom1, K.A.K. Moldenhauer1, X. Sha1, J.M. Bulloch1, V.A. Boyett1, 
V.I. Thompson1, S.B. Belmar1, C.D. Kelsey1, D.L. McCarty1, and C.H. Northcutt1
Abstract 
Consumers in the United States are exploring new food products and enjoying the 
farm-to-table experience. Interest in aromatic rice has increased with the advent of 
nouveau cuisine and the ‘identity preservation’ ideals of the farm-to-table movement. 
Sales of aromatic rice have led rice imports to increase over 30% in the last ten years. 
The University of Arkansas System Division of Agriculture’s Aromatic Rice Breeding 
Program at the Rice Research and Extension Center (RREC), Stuttgart, Arkansas, was 
implemented to develop aromatic rice varieties for the southern rice-producing regions. 
Evaluating cultural practices is essential for selecting advanced lines in the breeding 
program as well as for growers. Information regarding successful cultural practices of 
aromatic rice varieties is limited for the southern United States growing regions, and 
especially for Arkansas.
Introduction
Approximately 86,300 tons of rice were imported to the United States from 
Thailand, our largest supplier of imports, in 2017. This shipment, of which most was 
Thailand’s premium jasmine rice, is an increase of 24.5% from 2016 (USDA-ERS, 
2017). The United States received over 33,000 tons of premium basmati rice imported 
from India in 2017. This shipment is an increase of 37% from 2016 (USDA-ERS, 2017). 
Over the past nine years (Market Years 2009/2010 to 2017/2018), rice imports from India 
and Thailand have increased 93% and 32%, respectively, with most of the imported rice 
being premium aromatic (USDA-ERS, 2016 and 2018). U.S. consumers are purchasing 
more aromatic and/or specialty rices. United States producers find it difficult to grow 
the true jasmine and basmati varieties due to environmental differences, photoperiod 
sensitivity, fertilizer sensitivity, and low yields. Adapted aromatic rice varieties need 
to be developed for Arkansas producers which meet the taste requirements for either 
jasmine or basmati.
Procedures
The aromatic rice breeding program has collected parental material from the 
U.S. breeding programs and the USDA World Collection. Crosses have been made to 
1 Program Associate III, Professor, Professor, Program Associate II, Program Associate II, Program Tech-
nician III, Program Technician III, Program Technician II, Program Associate I, Program Technician I, 
respectively, Rice Research and Extension Center, Stuttgart.
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incorporate traits for aroma, yield, improved plant type, superior quality, and broad-
based disease resistance. The winter nursery in Puerto Rico is being employed to 
accelerate generation advance of potential varieties for testing in Arkansas during the 
summer of 2019.
Results and Discussion
Panicles were selected from 40 F2 populations in 2018. The parents in these 
crosses were selected for their aromatic seed quality or high yield potential. Approxi-
mately 1900 F3 lines from 40 populations were shipped to the winter nursery in Puerto 
Rico to advance. The harvested seed from Puerto Rico will be planted at the RREC for 
further observation and selection in 2019. Panicle rows from 57 F3, F4, F5, F6, and F7 
populations will be grown in 2019 for observation. Selections from these populations 
will be harvested and samples from the 57 populations will undergo molecular marker 
analysis. Lines that have the preferred markers for aroma, cooking quality, and blast 
resistance will be entered in yield trials in 2020.
In 2018, 104 heterozygous lines from 42 F4, F5, and F6 populations were screened 
through marker-assisted selection for aroma and amylose content. Results of the screen-
ing helped to eliminate lines which did not meet breeding program requirements. The 
entries which are homozygous aromatic will move forward into yield trials. 
In a two-replication preliminary trial planted in 2018, 23 aromatic lines were evalu-
ated for yield. In the Aromatic Stuttgart Initial Test (ASIT), which has four replications, 
20 aromatic lines were evaluated for yield and potential release. In the four-replication 
Aromatic Advanced Yield Trial (AAYT), 27 aromatic experimental lines were evaluated 
for yield and potential release. Seed from the top yielding 12 experimental lines with 
preferred plant types from the ASIT and AAYT were milled and cooked in a taste test 
during the winter 2018–2019. The four experimental lines chosen as having the best 
flavor and aroma have been entered in the ARPT and are being grown in increase plots 
in 2019. Five aromatic experimental lines have also been entered in the 2019 URRN.
In 2018, 5 jasmine-type experimental lines were entered in the Cooperative Uni-
form Regional Rice Nursery. The Arkansas mean yields for ARoma 17, Della 2, and 
the 5 lines were as follows: ARoma 17, 172 bu./ac; Della-2, 160 bu./ac; EXP18105, 
182 bu./ac; EXP18109, 205 bu./ac; EXP18189, 150 bu./ac; EXP18231, 153 bu./ac, and 
EXP15102, 171 bu./ac. The URRN Arkansas two-year average yields were: ARoma 
17, 167 bu./ac; Della-2, 162 bu./ac; and EXP15102, 172 bu./ac. 
Three experimental lines were also entered in the 2018 Arkansas Rice Performance 
Trials. The mean yields for ARoma 17, Jazzman-2, and the three lines were as follows: 
ARoma 17, 164 bu./ac; Jazzman 2, 139.6 bu./ac; EXP18105, 165 bu./ac; EXP18109, 172 
bu./ac; and EXP15102, 147 bu./ac. The ARPT two-year average yields were: ARoma 
17, 170 bu./ac and EXP15102, 162 bu./ac.
One experimental line being considered for release is EXP18109 which has a 
pedigree including Jazzman, a plant introduction, and JES. The line EXP18109 has 
excellent flavor and will continue to be examined in the ARPT and URRN in 2019. 
Head rows of EXP18109 will be planted for seed increase in 2019.
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Significance of Findings
The release of ARoma 17 provides producers with a high yielding, Jasmine-type 
aromatic, mid-season, long-grain rice. The major advantages of ARoma 17 are its high 
yield potential in the specialty aromatic market. Research is ongoing to identify and 
release new, improved aromatic varieties for the producers to grow and for the increas-
ing consumer demand.
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Rice Breeding and Pathology Technical Support
S.B. Belmar1, C.D. Kelsey1, K.A.K. Moldenhauer1, Y. Wamishe2, and T. Gebremariam1
Abstract
Disease resistance in rice is one of many goals rice breeders and pathologists work 
on at the University of Arkansas System Division of Agriculture’s Rice Research and 
Extension Center (RREC) near Stuttgart, Arkansas. The breeding and pathology sup-
port group evaluates preliminary and advanced breeding lines against major diseases 
of economic importance in both the greenhouse and field. At RREC, preliminary and 
advanced breeding materials are evaluated using artificial inoculation for sheath blight 
in the field and blast diseases in the greenhouse. Advanced breeding materials are 
tested in the field for blast resistance with artificial inoculation at the University of 
Arkansas System Division of Agriculture’s Pine Tree Research Station (PTRS) near 
Colt, Arkansas. Large amounts of disease inocula are prepared in the laboratory and 
applied to rice plants following specific protocols. The rice breeders utilize these data 
to make selections. The breeding program advanced yield plots are also evaluated in the 
field for diseases including the rice blast, sheath blight, bacterial panicle blight, kernel 
smut and false smut. Selected lines are used either to transfer genes for resistance into 
adapted and high yielding varieties or to advance entries for further agronomic testing. 
The evaluation of preliminary breeding materials helps breeders eliminate extremely 
susceptible materials, thus saving time and resources. The breeding and pathology 
technical support group is fully involved in extension plant pathology programs with 
applied research on bacterial panicle blight, including collaborative interdepartmental, 
industry, and multi-state research endeavors.
Introduction
Rice breeders and pathologist work together to develop varieties with desirable 
disease resistance along with desired agronomic traits. Disease evaluation of rice against 
major diseases begins in the early generations of plant selection and is a required activ-
ity for a successful breeding program. Lines with traits (excellent milling or disease 
resistance) that do not have the desired yield may become parents to develop other 
new varieties.
1 Program Technician III, Program Technician II, Professor, and Program Associate, respectively, 
Rice Research and Extension Center, Stuttgart.
2 Associate Professor, Department of Plant Pathology, Stuttgart.
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Rice blast, caused by Magnaportha grisea (T.T. Herbert) M.E. Barr, is still an 
important disease. Emphasis is given to evaluate breeding materials for both leaf and 
neck/panicle blast. Rice seedlings from the greenhouse are used to evaluate leaf blast 
while mature plants in the field determine a plant’s resistance to neck/panicle blast. 
Screening plants for blast requires desired environmental conditions prior to and after 
inoculation for the pathogen to cause disease.
Sheath blight (Rhizoctonia solani Kuhn) is the most prevalent fungal disease of 
rice. Fully grown plants are evaluated in the field at the RREC for this disease. While 
no qualitative resistance to this pathogen exists, a variety can tolerate infection through 
reduced spread of the pathogen due to the quantitative resistance that it may have. This 
is valuable information to rice breeding programs in the southern U.S. rice-producing 
states. To evaluate rice germplasm for sheath blight in replicated plots, inoculum prepa-
ration requires massive amounts of a corn/rough rice seed mixture to be prepared and 
stockpiled for field application.
Bacterial panicle blight (BPB) caused largely by Burkholderia glumae (Kurita and 
Tabei), formerly known as Pseudomonas glumae, has gained attention since many of 
the conventional rice varieties are susceptible to the bacterium. Research in the labora-
tory, greenhouse, and field focuses on developing practical management techniques to 
minimize the impact of this disease on rice yields.
Procedures
Evaluation of Breeding Materials for Blast Resistance in the Greenhouse
Entries of the Arkansas Rice Performance Trials (ARPT), Aromatics, Imidazoli-
none ARPT (IMI-ARPT), Imidazolinone Stuttgart Initial Test (IMI-SIT), and Uniform 
Regional Rice Nursery (URRN) were evaluated in hill plots for their resistance to leaf 
blast. Tests were replicated to generate 4 disease observations per entry. Over 1000 
flats of soil were prepared to produce 3- to 4-leaf seedlings. Each replicate was spray 
inoculated using individual spore suspensions made of M. grisea races: IB-1, IB-49, 
IC-17, IB-17, IE-1 and IE-1K. Inoculum production and disease establishment fol-
lowed earlier described procedures (Kelsey et al., 2016). Disease data were collected 
after 7 to 10 days using both a disease severity rating scale of zero (healthy tissue) to 
9 (elongated necrotic tissue) and an incidence scale to score relative amounts of lesion 
coverage i.e., 1 (single leaf or lesion) to 100 (all leaves necrotic with multiple lesions). 
Using the same spray inoculation method, a different spore suspension was prepared for 
entries of SIT and Preliminary Test (Prelims). A bulk spore suspension was prepared by 
combining the 5 races previously used as individual suspensions. IE-1K was sprayed 
separately partially due to being highly infective to rice. 
Evaluation of Breeding Materials for Blast and Sheath Blight in the Field
The nursery to evaluate for blast disease at PTRS was established on May 15 in a 
secluded area with a forested border on three sides of the testing site. The study included 
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288 entries from the URRN/ARPT collection in 6 replicated hill plots surrounded by a 
mixture of susceptible lines used as a spreader to encourage spore multiplication and 
disease spread to adjacent rice plants. The hill plots were started as a flooded paddy but 
for purposes of inoculation were later changed to upland conditions. Around 100 gal-
lons of corn chops/rough rice media was prepared using a mixture of 5 pathogen races. 
The nursery was inoculated 4 times over the course of the season: 10 July (tillering), 
26 July (panicle initiation), 9 August (beginning boot split), and 14 August (boot split). 
The semi-dried seed media was broadcasted to inoculate rice plants in the nursery. A 
month after inoculation, plants were rated for head and panicle blast development with 
a count of infected panicles per hill plot.
A new type of blast nursery designated as “fast track” was established at the 
RREC with the purpose of collecting more extensive blast data throughout the growing 
season on advanced breeder lines nearing a possible commercial release. On 31 May, 
5 advance breeder lines plus 3 varietal checks were planted using an 8-row Almaco 
planter to create 24, 5 × 7 ft row plots. Plots were replicated 3 times in a randomized 
complete block. The nursery was inoculated on 5 July (tillering), 15 August (internode 
elongation), and 13 September (boot split) with approximately 16 gallons of inoculum 
composed of freshly harvested blast agar plates mixed into corn/rough rice seed media. 
Plants were grown under upland conditions throughout the test. Twelve days after the 
15 August inoculation, leaves in plots were visually rated for blast lesion size. Three 
weeks after the final inoculation, the number of panicles with head/panicle blast were 
counted from three 22-ft areas per plot to determine percent infected panicles.
A nursery at the RREC to evaluate rice entries for sheath blight was planted on 8 
May in 4 adjacent bays. Each bay contained 2 replications of the entries from the ARPT, 
Aromatic, IMI-ARPT, SIT, IMI-SIT, Prelims, and URRN for a total of 1524-hill plots 
per rep. At panicle initiation on 11 July–13 July, two bays were hand inoculated with 
relatively faster growing R. solani isolates and approximately 45 gallons of inoculum 
were used, at the rate of 24 g per 6 hill plot row. Likewise, rice plants in the remaining 
2 bays were hand inoculated with relatively slower growing fungal isolates. About 6 
weeks later, disease was assessed using the standard 0 (no disease) to 9 (severe disease 
affecting flag leaf) scale for vertical disease progress.
Assistance to Extension Rice Pathology
Breeding pathology technical support assisted with the planting of 9 field experi-
ments designed to collect data for rice disease control of sheath blight, early season 
seedling disease, and bacterial panicle blight. Some of the tests were in collaboration 
with chemical industries and required assistance with inoculating plants with R. solani 
and spraying plots between panicle initiation to boot split. Approximately 150 gallons 
of Rhizoctonia inoculum seed media was produced in the laboratory to meet the needs 
of these tests. Additional field-tests were also carried out in the field on the economics 
of fungicide use and current commercial fungicides intended to control sheath blight.
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Results and Discussion
Disease assessment of rice for resistance/tolerance to sheath blight and blast was 
completed for the breeding program. For each of the tests, several tolerant entries to 
sheath blight were identified (Table 1). Use of slower colonizing isolates of R. solani 
continued to meet the objectives for sheath blight screening since more than 50% of 
the entries were classified as susceptible. Several entries from URRN and ARPT also 
appeared to have lower levels of head/panicle blast (Table 1). Environmental condi-
tions can contribute to altering disease reactions and levels. Continued evaluation is 
needed to check for consistency. The designated “fast track” blast nursery showed a few 
advanced rice lines as encouraging to blast tolerance; however, additional refinements 
toward establishing consistent disease levels are needed. 
Of the 1524 experimental lines tested for leaf blast in the greenhouse with 
individual races of Magnaportha grisea, several showed lowered reaction (Table 2). 
Collection of incidence and severity data appeared to be helpful in distinguishing small 
differences between the test entries and elucidating entries that may have mixed seeds 
or that are still segregating.
The breeding-pathology technical support group provided assistance to the suc-
cess of research activities in extension pathology starting from preliminary to complete 
studies of applied research, collaborative research with industries and interdepartmental 
research.
Significance of Findings
The goal of the rice breeding-pathology technical support group is to always 
provide assistance towards increasing the efficiency of rice breeders in developing 
maximum yielding cultivars with anticipated levels of disease resistance. In addition, 
the group plays a much needed role in extension plant pathology by assisting with ap-
plied research. Disease evaluations remain a beneficial aspect of the breeding program 
for disease resistance. A steadfast applied research approach also provides dependable 
and practical solutions to rice producers in Arkansas and other rice producing states. 
Therefore, this tech support group is actively working with the rice breeders at the 
RREC and the extension pathology program to enhance rice productivity.
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Table 1. Number of entries rated disease tolerant in 2018 field disease nurseries. 
 
Test 
Total 
entries 
Sheath blight with 
“slower” growing isolatea 
Head/panicle 
blastb 
 
Both diseases 
ARPT 66 21   7 2 
URRN 222 78 16 5 
Aromatics 54 28 nac na 
SIT 132 78 na na 
IMI-ARPT 66 41 na na 
IMI-SIT 456 204 na na 
Prelims 528 312 na na 
a Rating scale of 0 (no disease) to 9 (severe disease) was used. A “6” represents 
  disease progression of approximately 60% up the plant and considered tolerant 
  for average scores of 6.3 or less. 
b Four races bulked together for blast field screening. Rating scale of 0 (no disease) 
  to 9 (dead plant) was used. Up to a “4” rating was tolerant. 
c Not available. 
 
 
Table 2. Number of entries with relatively lower reaction to leaf blast in 2018 
greenhouse test.  
Test 
Total 
Entries 
 
IE-1K 
 
IC-17 
 
IB-17 
 
IB-49 
 
IB-1 
 
IE-1 
ARPT 66 
 
20 34 35 20 21 64 
URRN 222 66 65 41 48 48 214 
Aromatics 54 15 21 23 23 21 51 
IMI-SIT 456 174 13 142 107 178 455 
IMI-ARPT 66 15 12 23 12 14 66 
   Bulked across the individual races 
SIT 132 56 39 
Prelims 528 191 293 
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Studies on Management Strategies 
to Reduce Autumn Decline in Rice
Y. Wamishe1, J. Hardke2, T. Roberts3, T. Gebremariam1, 
T. Mulaw1, S. Belmar1, and C. Kelsey1
Abstract
Autumn decline, also referred to as akiochi, shows black root rotting usually with stunted 
and yellowish rice foliage starting as early as two weeks following establishment of the 
permanent flood. In severe conditions, root crowns rot and are invaded by opportunistic 
fungi rendering a dark brown discoloration. Rotting of root crowns specifically is referred 
to as autumn decline/akiochi and hinders the rice plant’s ability to translocate nutrients 
up from the roots. The root mass blackening is often caused by iron sulfide (FeS) which 
further leads to hydrogen sulfide toxicity (HST). Research objectives in 2018 included: 
1) to search for practical methods to prevent or correct the root blackening and rot-
ting; 2) to evaluate the degree of resistance or tolerance of common rice cultivars to 
these complex problems under field conditions; and 3) to evaluate the interaction of 
infested residue and well water collected from a field with a history of these problems. 
When Spectrum PC, Spectrum PTB, Calcium Oxide (CaO), Zinc Oxide (ZnO) and the 
combination of CaO and ZnO were tested in the greenhouse, all treatments appeared to 
have similar  root mass discoloration. Crown rot ratings were lower with CaO and the 
Spectrum formulations. Cultivar evaluation from the field showed the mean percentage 
of root blackening ranged from 40% to 70% and crown rotting ranged from 0 to 9 on a 
0 to 9 scale where 0 = no discoloration and 9 = total discoloration of the crown. There 
were clear indications that field soil and well water by themselves or together caused 
root mass discoloration regardless of residue amounts.
Introduction
Although hydrogen sulfide toxicity (HST) and autumn decline also referred to as 
akiochi are different, they are often referred to as the same problem. Autumn decline 
often appears in rice fields affected by hydrogen sulfide in anaerobic/flooded conditions. 
1 Associate Professor, Program Associate, Program Technician, Program Technician III, and 
Program Technician II, respectively. Department of Plant Pathology, Rice Research and 
Extension Center, Stuttgart.
2 Associate Professor, Department of Crop, Soil, and Environmental Sciences, Rice Research and 
Extension Center, Stuttgart.
3 Associate Professor, Department of Crop, Soil, and Environmental Sciences, Fayetteville.
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Symptoms include black roots believed to be caused by iron sulfide and root rotting 
which results from hydrogen sulfide toxicity. The affected rice plants are often stunted 
with yellowish foliage appearing soon after the establishment of a permanent flood. 
The problem is often most severe where cold well water first enters a rice field and may 
later spread across the field. Rice plants on levees, however, remain healthy. Several 
reports of HST and autumn decline occurred across Arkansas from 2012 to 2017, with 
only a few in 2018. In 2018 the early growing season was wet and fewer problems 
were associated with HST possibly because of the delayed flood establishment. The 
problem is often aggravated in anaerobic/flooded conditions. However, all soil types 
do not exhibit the problem. There are several factors that contribute to the development 
of the phenomenon in different soil types across the rice-growing counties in Arkansas. 
Observations have shown fields having a clay loam soil texture are more prone to autumn 
decline than other soil textures commonly cropped with rice. The root rot symptoms 
often start a few weeks after flood establishment and become progressively worse 
throughout the season. Severe root rotting can cause fungal growth in the crown. This 
prevents the root system’s function of translocating water and nutrients needed from 
the soil to the plant. This can cause crop decline and hence is called autumn decline. 
In moderate to severe cases, tillers break off easily and plant death may occur rapidly 
leading to significant yield losses. Research objectives in 2018 included: 1) search for 
practical methods to prevent or correct the root blackening and rotting; 2) evaluate the 
degree of resistance or tolerance of common rice cultivars to these complex problems 
under field conditions; and 3) evaluate the interaction of infested residue and well water 
collected from a field with a history of these problems.
Procedures
Evaluation of Products for Reducing Autumn Decline/Hydrogen Sulfide Toxicity
Spectrum PC and Spectrum PTB were two formulations of anoxygenic photo-
trophic bacteria. These formulations have been tested since 2015 in both the greenhouse 
and in two fields, twice in Woodruff County and once in Humphrey, Arkansas County. 
In 2018, they were re-tested in the greenhouse using soil collected from Humphrey, Ar-
kansas which was identified as a field with a history of severe hydrogen sulfide toxicity 
and autumn decline. In addition to these two, Calcium Oxide (CaO), Zinc Oxide (ZnO) 
and the combination of the two were tested in the greenhouse. Gallon size pots with 
0.442 ft were planted to hold 5 to 7 seedlings of the rice cultivar CL153. Fourteen pots 
were used to accommodate these 5 treatments plus 2 untreated controls, one filled with 
field soil the other with greenhouse soil in 2 replications. All pots were filled with soil 
leaving approximately a 4-inch space to establish the flood. Treatments were applied 
nearly 6 weeks after planting. The pots were then filled once in a week with care to 
minimize air disturbance. Amounts of product per plot to control HST were as follows: 
Spectrum PTB and Spectrum  PC (10 µl/pot), CaO (8.75 g/25 g seed), ZnO (2 µl/25 g 
seed), CaO + ZnO (8.75 g + 2 µl/25 g of seed). Data on root mass discoloration were 
estimated at flowing in percentages and the root crown rotting using a 0–9 scale where 
0 is no discoloration and 9 is the entire crown portion is discolored. To rate for root 
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mass discoloration, roots were rinsed well; and to rate crown rotting, crown lengths 
were split-open longitudinally.  
Field Evaluation of Commercial Cultivars for Tolerance to Autumn Decline/
Hydrogen Sulfide Toxicity
To evaluate rice for degree of resistance or tolerance to these complex problems, 
a test was carried out consisting of 25 commercial cultivars in 4 replications. The 
commercial rice cultivars included those tested in the 2018 Producers’ Rice Evalua-
tion Program (PREP) planted at Woodruff County with a plot size of 75 ft2. The plots 
were fully managed by the producer following his management options. Between 
flowering and grain fill, data on root mass discoloration and crown rot were collected. 
Rice plants were pulled out carefully from the outer rows of each plot and rinsed well 
before evaluation. The ratings were taken immediately before the disappearance of the 
root mass blackening by oxidation. Two rating scales, 0 to 9 for root crown damage/
discoloration and percentages for root mass discoloration were used as described in 
the addition-matrix scale developed by Wamishe et al., 2018. The highest reading of 
root crown damage in subsamples were recorded for cultivar responses wherever root 
crown damage showed variability. All readings for root crown damage were recorded 
in reference to crown length.
Greenhouse Tests on Effects of Soil, Water and Residue 
Soil from Humphrey, Arkansas was collected in spring of 2018, nearly 5 months 
after the rice was harvested. The soil and the rice residues were collected from the sur-
face and subsoil, and water was obtained from a well close to the field and kept at room 
temperature. The greenhouse soil that was used in the pot experiment was silt loam, 
presumably from virgin ground, and was mixed with sand and vermiculite peat moss in 
the ratio of 3:1:1, respectively. Tap water was used directly from the faucet to the pot. 
The cultivar CL153, which is known to be susceptible to autumn decline, was used for 
this test. Eight sets of three pots were prepared to accommodate different combinations 
of soil types, water sources and residue incorporations as shown in Table 1. The plants 
were flooded five weeks after planting and kept flooded until data collection. The NPK 
fertilizer was applied as needed. At the flowering stage, plants were pulled up carefully, 
roots rinsed, and percent root mass discoloration was estimated immediately before the 
roots lost their black color due to exposure to atmospheric oxygen. A subset of 5 to 10 
randomly chosen rice plants were split open longitudinally to expose the root crown 
damage. Damages were rated using the 0 to 9 scale.
Results and Discussion
Evaluation of Products for Reducing Autumn Decline/Hydrogen Sulfide Toxicity
In a greenhouse pot experiment in 2018, 10% and 5% of the rice plants showed 
crown rotting in pots treated with spectrum PC and spectrum PTB, respectively when 
compared to the untreated control that showed 30%. These formulations contain anoxy-
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genic phototrophic bacteria that claim to consume sulfur in soil solutions in addition 
to being photosynthetic. 
No noticeable differences were observed between the treated and untreated rice 
plants in root mass colors. Up to 70% root mass discolorations were observed both 
in treated and untreated plants. This was in agreement with the results from previous 
years field and greenhouse tests. The interest in these products was mainly for reduction 
of root crown damage rather than root mass discoloration. Root crown rot has been 
proven more damaging to crop yield because it is irreversible. On the other hand, root 
mass discoloration can be reversed by allowing oxygen into rice rhizosphere. Likewise, 
CaO, ZnO and the combination of CaO and ZnO did not result in changes in root mass 
discoloration. Calcium oxide alone was slightly better than ZnO or their combination 
in reducing crown rot. This indicated that the oxygen supplied from these compounds 
was not enough to inhibit root mass discolorations and root crown damage. The “drain 
and dry” strategy works well for some fields where the problem has been known to 
occur and is used as a protective strategy. However, it has to be done cautiously and 
at the correct time, which is before mid-season to eliminate stress of the rice due to 
water shortage. The drain and dry strategy may not be a reliable option in large fields 
where it is not possible to completely drain and re-flood in a timely manner. It would be 
especially difficult where water resource and pump capacities are limited. Compared to 
the soil type in Woodruff County in previous tests, HST and autumn decline appeared 
to be more severe in the soil from Humphrey, Arkansas. In general, after four years of 
field testing, there are clearly perceived differences in the efficacies of these formula-
tions in different soil types. 
Evaluation of Commercial Cultivars for Tolerance to Autumn Decline/ 
Hydrogen Sulfide Toxicity 
There were noticeable differences in cultivar response to root mass discoloration 
and crown rot although flood establishment was delayed by the producer due to early 
season rain. These problems associated with HST and autumn decline are often severe 
in rice fields with a history of anaerobic conditions. The mean percentage root black-
ening ranged from 40% to 70% and crown rotting ranged from no discoloration to 
severe discoloration from 0 to 9. These values were converted to matrix-addition scale 
developed by Wamishe et al., 2018. The frequencies of crown rot among replicates were 
also converted to percentages. Finally, an index was calculated summing these three 
parameters to rank the cultivar responses to HST and autumn decline (Fig. 1). Accord-
ingly, Roy J was on the lowest end and PV101 on the highest end. It is important to 
note that cultivar response varies with soil types. Variability of crown symptoms among 
replications is expected due to differences in flood depth. In fields where the problem 
occurs frequently, HST and autumn decline are more severe in the areas closer to cold 
water irrigation inlets and in places where the flood is deeper. In addition, the response 
of cultivars can vary depending on the root systems. Some cultivars have root systems 
with better oxidative power than others. Moreover, root vigor and the oxidation power 
of roots may play a role in cultivar tolerance (Dobemann and Fairhurst, 2000). Cul-
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tivars with better root masses may also respond better in fields with hydrogen sulfide 
and autumn decline problems. Generally, root mass discoloration is often reversible 
when oxygen is allowed into the soil rhizosphere. On the other hand, damages to root 
crowns are irreversible hence it is given a double weight in the matrix-addition scale. 
Effects of Soil, Water Source, and Infected Residue on Symptom Development 
The objective was to determine whether it is the soil, the residue, the water or a 
combination of these that worsen HST and autumn decline. A greenhouse test was de-
signed consisting of 8 sets of treatments in 3 replications as described in the procedure 
above. Soil and well water were collected from a field with a history of severe HST and 
autumn decline in Humphrey, Arkansas. The greenhouse soil was mixed in a ratio of 
3:1:1, soil: sand: Vermiculite peat moss. The greenhouse soil had no history of HST or 
autumn decline. The residue was collected from the same field in Humphrey, from the 
top and the subsoils that had been ploughed using a backhoe. The residue was cut into 
pieces, mixed well and incorporated with the soils in the pots thoroughly. 
When roots were examined, pots with field soil + residue + well water  showed 
the darkest root mass discoloration followed by pots with field soil + no residue + well 
water, suggesting incremental severity with the combinations of the three factors.  When 
greenhouse soil + residue + well water  were compared to greenhouse soil + no residue 
+ well water, there is a clear indication of the impact of residue suggesting its role with 
well water. However, it becomes erratic when field soil + tap water + no residue was 
compared to field soil + tap water + residue Assuming the result in field soil + tap water 
+ residue is an outlier, there are clear indications that the field soil and the water play 
the greater role with residue being minimal (Fig. 2).
Significance of Findings
In some big fields the “drain and dry” approach is difficult to apply to salvage the 
crop from damage due to these phenomena. A better understanding of this problem and 
alternative ways of managing the problem in various soil types would permit growers 
to make the best decisions possible to avoid losses due to the failure of the “drain and 
dry” strategy. Knowledge of cultivars’ susceptibility/intolerance and the discovery of 
additional management options can prevent significant losses that have occurred in 
some rice fields. 
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Fig. 1. Ranking in rice cultivar response to hydrogen sulfide toxicity and autumn decline 
using index from combined ratings of percentage root mass discoloration, root crown rot 
and frequencies. The first 14 cultivars did not show any level of crown discoloration.
Table 1. Treatment combinations of soil type, water source, and residue incorporation used in a 
greenhouse to produce hydrogen sulfide toxicity and autumn decline in rice. 
Set 1 2 3 4 5 6 7 8 
Soil Type Field Field Greenhouse Greenhouse Field Field Greenhouse Greenhouse 
Water source Well Tap Well Tap Well Tap Well Tap 
Residue added No No No No Yes Yes Yes Yes 
Acronym FW FT GW GT FRW FRT GRW GRT 
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Fig. 2. Effect of soil source, water source, and residue on the severity of hydrogen sulfide 
toxicity and autumn decline in the greenhouse. FW = field, well, no residue; FT = field, 
tap, no residue; GW = greenhouse, well, no residue; GT = greenhouse, tap, no residue; 
FRW = field, well, residue added; FRT = field, tap, residue added; GRW = greenhouse, 
well, residue added; GRT = greenhouse, tap, residue added.
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Studies on the Role of Moisture on Development and Spread of 
Burkholderia glumae, the Major Pathogen for Bacterial Panicle 
Blight of Rice in Arkansas (Year 3) 
Y. Wamishe1, T. Mulaw1, T. Gebremariam1, S. Belmar1, and C. Kelsey1
Abstract
Bacterial panicle blight (BPB) is one of the most threatening diseases for rice production 
in Arkansas and other southern rice-producing states. The disease is caused largely by 
Burkholderia glumae and possibly other Burkholderia species. One of the objectives in 
2018 was to evaluate the effect of moisture in association with severity and incidence 
of BPB in the field, greenhouse, and shaded areas of the field along tree lines as part of 
a short-term strategy to manage BPB. Greenhouse, tree-line shade, and other field tests 
mostly agreed that the incidence of BPB disease increased with moisture. In the green-
house when Jupiter and Bengal were spray inoculated at the flowering developmental 
stage, only 27.2% of the florets were infected when no dew was present. However, 
rice plants incubated in a dew chamber for 24 hours and 48 hours showed 92% and 
98%, respectively, floret infection. In 2017, the west side tree shade had more BPB 
symptomatic panicles than the east side unlike what was observed in 2016 and again in 
2018. On the other hand, the field test in 2018 on mist and no mist application showed 
variable results compared to the last two years. Overall, infected panicle counts were 
significantly higher in spray inoculated plots than seed inoculated and non-inoculated 
plots. The intensity of panicle blight, however, was not severe enough to show significant 
differences between the inoculation treatments. Moreover, the late-season rains after 
spray inoculation lowered the effect of the mist treatment. There was no significant ef-
fect on infected panicle counts between the misted plots and non-misted plots in 2018 
unlike the previous years. The dew and tree-line shade test results agreed with years of 
field tests and observations suggesting moisture in the form of dew, mist, fog, or shade 
favors BPB development and spread within a rice plant or between plants. 
Introduction
Bacterial panicle blight (BPB) disease of rice is caused by Burkholderia glumae, 
B. gladioli, and a few other species of Burkholderia. Bacterial panicle blight is often 
1 Associate Professor, Program Technician, Program Associate, Program Technician III, and Program 
Technician II, respectively. Department of Plant Pathology, Rice Research and Extension Center, 
Stuttgart.
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associated with extended hot and dry daytime and nighttime temperatures. Under fa-
vorable environmental conditions for pathogen development and spread, up to a 60% 
yield loss can occur in susceptible rice cultivars. Panicle symptoms typically develop 
late in the season during grain fill, which makes visual prediction of BPB occurrence 
and severity difficult. Infected panicles have two-tone discoloration where the blighted 
florets appear white to light-gray with a dark-brown margin on the basal third of the 
tissue. As the season tapers, infected florets turn straw-colored and may further darken 
with growth of other opportunistic microorganisms. Heavily infected panicles remain 
upright due to lack of grain fill. Weather variables such moisture and temperature are 
believed to play a significant role in BPB disease development. Although the biology 
of the bacterium is not fully understood, this study focused on evaluation of the effect 
of moisture on the severity and incidence of BPB in a field, greenhouse, and shaded 
areas of the field along tree lines. 
Procedures
Effect of Dew/Mist on Severity/Incidence of BPB
Dew Chamber Versus Greenhouse Bench Study. Two rice varieties namely, Bengal 
and Jupiter were grown in pots (4 cm × 4 cm) until flowering in the greenhouse at the 
University of Arkansas System Division of Agriculture’s Rice Research and Exten-
sion Center (RREC) near Stuttgart. The first three panicles to flower  in a pot were 
inoculated with a B. glumae suspension at ~108 CFU (colony forming units). For each 
treatment, 10 pots with 3 plants/pot were kept in a dew chamber at 78 °F and 100% 
humidity for 24 h and 48 h after inoculation. The same number of pots were placed on 
a greenhouse bench after inoculation to simulate field no-rain and no-dew conditions 
as a control. A set of pots with rice plants were removed from the dew chamber after 
24 h then another set after 48 h of incubation. All pots removed from the chamber were 
left on the greenhouse bench next to the control pots until data collection. Except for 
the dew incubation, all conditions were the same for all experimental plants in the pots. 
Symptom development for BPB was checked regularly and symptomatic florets with 
BPB were counted at grain fill. 
Mist and No Mist Treatment Study in a Field on Incidence and Severity of BPB. 
Two sets of three treatments that included plots planted with inoculated seeds, spray 
inoculated, and non-inoculated control were designed to study the effect of moisture in 
the form of mist on development of BPB caused by Burkholderia glumae. The experi-
ment was carried out in 4 replications. A susceptible rice cultivar, Bengal was used. 
One set of the three treatments was misted starting a week after spray inoculation. The 
other set was planted a little further from the mist system and obtained no mist except 
natural rain and dew. At grain filling and when symptoms were evident, the number 
of symptomatic panicles per plot were counted. Data were analyzed using SAS v. 9.4 
(SAS Institute, Inc., Cary. N.C.). 
Effect of East and West Side Tree Line on Incidence and Severity of BPB. Bengal 
seeds were planted in three separate and parallel bays spaced across the field: one close 
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to the eastern tree line, the second near the western tree line, and the third at the center 
of the field that received no tree-line shade to serve as a no-shade control. The same 
horseshoe-shaped field surrounded by trees was used in 2016, 2017, and 2018 at the 
University of Arkansas System Division of Agriculture's Pine Tree Research Station 
(PTRS). Artificially inoculated seeds and non-inoculated seeds of Bengal were planted 
in 4 plots (5 ft × 15 ft) for each bay.  All 3 bays were maintained and managed similarly. 
The number of panicles showing clear BPB symptoms on more than 25% of the panicle 
length were counted per plot at early grain fill. Panicle counts were analyzed using SAS 
v. 9.4 (SAS Institute, Inc., Cary. N.C.). 
Results and Discussion
Effect of Dew on Severity/Incidence of BPB
Dew Chamber Versus Greenhouse Bench Study. Bengal and Jupiter grown in a 
greenhouse, spray-inoculated at the flowering developmental stage using a 24 h old B. 
glumae culture suspension were infected.  Ninety-two percent of the florets in Bengal 
were infected after 24 h incubation in a dew chamber and 97.8% were infected after 
48 h under similar incubation conditions. However, the inoculated rice plants left on a 
greenhouse bench as a control without dew treatment showed only 27.2% florets with 
BPB symptoms. Likewise, in Jupiter, 88.7% of the florets showed symptomatic dis-
coloration as a result of the 24-h dew chamber incubation and 94.2% when incubated 
for 48 h. The control pots showed only 14.5% of the florets with BPB discoloration 
suggesting a positive role of dew in BPB disease development (Fig. 1). While BPB is 
favored by hot and dry conditions, BPB disease symptoms appeared more pronounced 
in the presence of moisture. Field observations agree with these findings where BPB 
appeared high in conditions where moisture was available in the form of dew, mist, 
rain or windy rain.  
Mist and No Mist Treatment Study in a Field. The non-inoculated control plots 
showed some level of bacterial panicle blight, even more than the plots planted with 
inoculated seeds, which may account for the natural infection in Bengal, one of the 
known susceptible varieties for this disease. The seedling stand in plots planted with 
B. glumae inoculated seeds was relatively poor indicating the possible rotting of the 
seeds before emergence. Burkholderia glumae is known to cause seed rotting and cause 
seedling disease in the Far East rice-producing countries such as Japan. Overall, when 
spray-inoculated plots were compared to plots planted with inoculated seeds, infected 
panicle count/plot was over 4× higher in the spray-inoculated rice plants, showing a 
similar trend as plots in 2017. In seed-inoculated and control plots, results were erratic 
and there were no significant differences between mist and no-mist treatment. However, 
in spray-inoculated mist treated plots there were 1.7× more infected panicles than plots 
with no mist treatment. This difference was statistically significant (Fig. 2). These results 
agree with what was observed in earlier years in a greenhouse experiment conducted 
using spray inoculation.  
Comparison of East and West Side Tree-Line Effect on Incidence of BPB. Three 
bays planted with inoculated and non-inoculated Bengal seeds showed no significant 
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differences in disease levels due to inoculations. However, the locations related to shade 
(east, west) versus no shade showed significant differences in infected panicle count 
(Fig. 3). The east side plots that received extended hours of morning shade showed 
more infected panicles followed by the west side that received early evening shade. 
The east side infected panicles had nearly twice the number as the plots with no shade. 
The findings in 2018 agreed with the observation in 2012 where Jazzman 2 in Lee 
County showed severe BPB near trees and bayou areas but greatly lessened in areas 
away from the trees. 
Significance of Findings
Managing bacterial panicle blight of rice is very important in reducing potential 
yield losses. With the lack of much resistance in current non hybrid commercial rice 
cultivars and the absence of chemical options for use in U.S. rice production, knowl-
edge of the biology of the bacteria is necessary to develop management strategies and 
effectively manage the disease. Knowledge of cultural management options can always 
be integrated with host resistance. These studies and findings are important both from 
scientific and practical points of view. Rice plants are most susceptible at the flowering 
growth stage. Our study showed that any form of moisture, even without extended hot 
night temperatures, can increase BPB incidence and severity.
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Fig. 1. Mean percentage of florets of Bengal and Jupiter that showed bacterial panicle 
blight symptoms when treated with dew for 0 h, 24 h and 48 h in the greenhouse after 
spray-inoculating panicles artificially at flowering stage.
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Fig. 2. Comparison between sequential field mist and no mist treatments on rice 
bacterial panicle blight incidence and severity where mist was started a week after spray 
inoculation with Burkholdria glumae for two weeks in 2018.
Fig. 3. 2018 Mean bacterial panicle blight infected panicle count per plot.  
Least significant difference at 0.05 = 18.68.
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Uniform Regional Rice Nursery and Arkansas Rice Performance 
Test Field Evaluation for Bacterial Panicle Blight Disease 
of Rice in Arkansas
Y. Wamishe1, T. Mulaw1, Y. Jia2, T. Gebremariam1, and X. Sha1
Abstract 
The response is reported of nearly 285 rice entries, 222 from the Uniform Regional Rice 
Nursery (URRN) and 63 from the Arkansas Rice Performance Test (ARPT) evaluated 
by artificially inoculating with a bacterial suspension under field conditions. The entries 
were planted in two plantings, early and late, taking into consideration the differences 
in maturity and the possible variability in responses due to varied weather factors 
across the season. Twenty-three URRN entries were grouped as moderately resistant 
(MR) and 47 as moderately susceptible (MS) in both the early and late planted entries. 
Thirty one entries showed MR response in early planted and MS in the late planted. The 
remaining 111 entries were grouped into different categories. Twelve entries showed 
MR response in early planted and S (susceptible) or VS (very susceptible) in the late 
planted URRN set. Contrarily, 12 other entries responded as MS in early planted and 
MR in the late planted URRN set. There were 8 entries which were S in early planted 
and MR in the late planted sets. Among the ARPT, five were grouped as MR and 11 as 
MS in both early and late planted. Eleven entries showed MR response in early and MS 
in the late planted. The remaining 36 entries were grouped in various categories. Four 
entries showed MR response in early and S or VS in the late planted ARPT set. Ten 
other entries responded as MS in early planted and S or VS in the late planted ARPT 
set. There were 22 entries that showed S or VS in both plantings. The three entries 
(RU1701176, RU1701179 and, RU1401105) that rated MR in 2017 responded MR, MS, 
MS, respectively,  in the early planted set and all showed a susceptible response in late 
planted sets suggesting the importance of variability in weather factors in enhancing 
bacterial panicle blight (BPB) severity. Among the 243 URRN entries evaluated under 
natural conditions in the University of Arkansas System Division of Agriculture's Rice 
Research and Extension Center rice breeder’s field, 133 entries did not show any visual 
symptom of BPB. Twenty-four entries responded as resistant (R) (1), 34 as MR (2), 27 
as MS (3), 16 as S (4) and 1 as VS (5) and 8 missing. 
1 Associate Professor, Program Technician, Program Associate, and Professor, respectively, Department 
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Introduction
Bacterial panicle blight (BPB) disease of rice is mainly caused by the gram-neg-
ative bacteria Burkholderia glumae and Burkholderia gladioli. Although several other 
factors including weather can result in rice panicle sterility, the symptoms associated 
with BPB are usually evident if detected early at grain filling. The brown discolorations 
on the bottom one-third of developing florets change with time and as saprophytes grow 
on sterile or dead floret tissues. Therefore, symptoms could be confusing at later stages 
of the rice grain filling stages. Bacterial panicle blight is favored by prolonged high 
night-temperatures during heading and flowering,  the most susceptible developmental 
stages to the disease. Although BPB can be severe in most conventional rice varieties 
in Arkansas, in 2018 no commercial field was reported to have BPB. This report pro-
vides the summary of 2018 germplasm evaluations including the current conventional 
rice cultivars for BPB using artificial inoculation. For additional information, the 2018 
URRN was also evaluated for BPB in the field under natural conditions.
Procedures
Field Evaluation of Rice for Resistance Against Bacterial Panicle Blight Disease 
In 2018, the Arkansas Rice Performance Test (ARPT) and Uniform Regional 
Rice Nursery (URRN) consisted of 63 and 222 entries, respectively. These and three 
other selected rice lines from the previous year were evaluated for BPB at University 
of Arkansas System Division of Agriculture’s Rice Research and Extension Center 
(RREC) near Stuttgart, Arkansas. Two sets of 288 entries were planted in 2-inch pots 
one month apart in the greenhouse. On 16 May when the early planted entries were 
one month old, they were hand-transplanted to a field bay. The late planted entries were 
transplanted on 17 June 2018. Each entry was replicated twice and  after every 10 entries, 
Jupiter and Bengal were planted as checks. Jupiter and Bengal were included to serve 
as a reference for moderately resistant and susceptible responses, respectively. Entries 
were spray-inoculated using B. glumae bacterial suspension. Disease reactions were 
evaluated three weeks after the last inoculation in each set using a 0 to 5 scale, where 0 
was no disease and 5 was severe disease. These ratings were translated to resistant (R) 
(1), moderately resistant (MR) (2), moderately susceptible (MS) (3), susceptible (S) (4) 
and very susceptible (S) (5). The URRN planted at the RREC in a rice breeder’s field 
was also evaluated under natural conditions without artificial inoculation for bacterial 
panicle blight before harvest. A 0–5 rating scale was used as described above. The report 
here considered the highest repeated rating among replications as the potential genetic 
response of the entry to BPB.
Results and Discussion
 Evaluation of Rice for Resistance Against Bacterial Panicle Blight Disease 
With the absence of antibacterial products, the use of rice cultivars with better or 
improved disease resistance remains the most important strategy to manage BPB. Due 
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to the problem associated with seedling emergence in the field with direct seeding, the 
germplasm were grown in the greenhouse until a month old and hand-transplanted to 
the field. Hence, those planted in the greenhouse in April were transplanted a month 
later in May and were considered as early planted. Likewise, those planted in May 
were transplanted in June and were considered as late planted. With this effort, miss-
ing plots were reduced. However, seeds from RU1701147 failed to emerge. Seeds 
from RU0803236, RU0603075, RU1703181, RU1703147, RU1703129, RU1403153, 
RU1603086, RU1403089 and LaKast did not emerge in one or more of the replicated 
hill plots. 
Temperature, particularly nighttime temperature, appeared to have greater impact 
together with extended morning or evening dew or rain. Although we attempted to carry 
out the artificial inoculation between boot split and flowering, it took over a month 
from the onset to complete inoculation in both the early and late planted set because 
the entries varied in maturity. Each entry was inoculated twice in a 4 day interval. 
The artificial inoculation carried out in this experiment simulated disease dispersal by 
windy-rain rather than natural infection. The pathogen B. glumae is largely seedborne 
and the bacteria start from the seeds and follow the rice plant in a vertical direction 
either as endophyte or epiphyte. Sometimes, they may cause reddish-brown lesions on 
flag leaf sheaths. However, typical symptoms of BPB and resulting damage  are visible 
after flowering during grain fill. 
Taking into consideration the possible variability of responses among the entries 
due to the varied weather conditions during the length of the time it took to finish the 
inoculation, the consistencies of the reactions between early and late planted sets of the 
URRN and ARPT were compared. The entries were grouped as R, MR, MS, S and VS. 
In the URRN, 23 entries rated as MR in both early and late plantings, while 31 entries 
showed a MR response in early planted and MS in the late planted (Table 1). Forty seven 
entries showed a MS reaction in both early and late planted (Table 2). The remaining 
111 entries were grouped in different categories. Twelve entries showed MR response 
in early planted and S  or VS in the late planted URRN set. Contrarily, 12 other entries 
responded as MS in early planted and MR in the late planted URRN set. There were 8 
entries that showed S reactions in early planted and MR in late planted sets 
Among the ARPT, 5 entries were grouped as MR and 11 as MS in both early and 
late planted. Eleven entries showed a MR response in early planted and MS in the late 
planted (Table 3). The remaining 36 entries were grouped in various categories. Four 
entries showed MR response in early planted and S or VS in the late planted ARPT 
set. Ten other entries responded as MS in early planted and S or VS in the late planted 
ARPT set. There were 22 entries that showed S or VS in both plantings. The three 
entries (RU1701176, RU1701179 and, RU1401105) that rated MR in 2017 responded 
MR, MS, and MS, respectively, in the early planted sets and all were susceptible in the 
late planted sets suggesting the importance of variability in weather factors in enhanc-
ing BPB severity. 
Rice cultivars respond differently to BPB depending on the environmental condi-
tions, suggesting BPB maybe a quantitatively inherited trait. Entries with consistent 
responses in both planting dates as MR (Table 1) or MS (Table 2) did not show a genetic 
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by environmental interaction in this study and would be more reliable in forecasting 
their responses in the future. In those entries, which varied with environmental condi-
tions, as in the previous studies BPB disease was less severe when planting was done 
early in the season. Based on that information, our early planting was mainly intended 
to catch the responses of late-maturing rice entries under optimal weather conditions at 
the flowering stage. Unless the weather factors align to favor BPB, the probability of 
disease development is low. For instance, Roy J, a susceptible variety, had MR disease 
ratings when planted early and S when planted late (Tables 1 and 3). Likewise, CL272 
rated MS when planted early and VS when planted late, which was just the opposite of 
CL151 which has historically rated S when planted early but when planted late in this 
study rated MS. Please note some entries in ARPT are subsets of URRN. 
Among the 243 URRN entries evaluated under natural conditions at the RREC 
rice breeder’s field, 133 entries did not show any visual symptom of BPB. Twenty four 
entries responded as R (1), 34 as MR (2), 27 as MS (3), 16 as S (4) and 1 as VS (5) and 
there were 8 missing plots. For the purpose of providing information to rice breeders 
in the southern rice-producing states in the U.S., the most susceptible entries under 
natural conditions are given in Table 4. 
Significance of Findings
Development of a working toolbox to evaluate genetic resistance remains an 
important priority toward combating BPB disease in rice. Rice resistance to BPB 
would provide long-term control especially in years of increased disease pressure. 
Efforts to understand the virulence, pathogenicity, and epidemiology of the Burkhold-
eria pathogens on rice should be helpful in the identification of effective BPB disease 
management strategies. 
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Table 1. 2018 Uniform Regional Rice Nursery entries that showed moderately resistant 
(MR) response to bacterial panicle blight planted in the field at the University 
of Arkansas System Division of Agriculture’s Rice Research and Extension Center, 
Stuttgart, in the third week of April and May and spray-inoculated twice between 
boot-split and flowering. 
Entry 
no. Cultivar 
Early 
planted 
Late 
planted 
Entry 
no. Cultivar 
Early 
planted 
Late 
planted 
   Reaction Reaction   Reaction Reaction 
10 RU1702140 MR MR 18 CL153 MR MS 
12 RU1003098 MR MR 25 RU1601099 MR MS 
15 RU1704055 MR MR 27 RU1704154 MR MS 
47 RU1604193 MR MR 32 RU1303138 MR MS 
49 RU1701139 MR MR 33 RU1601030 MR MS 
51 RU1704077 MR MR 35 RU1704198 MR MS 
57 RU1704157 MR MR 40 DIAMOND MR MS 
62 RU1802062 MR MR 41 RU1701090 MR MS 
78 JUPITER MR MR 56 RU1603178 MR MS 
81 RU1801081 MR MR 59 COCODRIE MR MS 
100 RU1503169 MR MR 67 RU1804067 MR MS 
108 RU1703126 MR MR 79 ROYJ* MR S 
112 RU1803112 MR MR 82 RU1802082 MR MS 
129 RU1701127 MR MR 86 RU1802086 MR MS 
140 RU0803140 MR MR 95 RU1804095 MR MS 
143 RU1804143 MR MR 101 RU1801101 MR MS 
151 RU1804151 MR MR 103 RU1804103 MR MS 
152 RU0803152 MR MR 119 CL 172 MR MS 
157 RU1805157 MR MR 124 RU1703178 MR MS 
159 RU0703144 MR MR 137 RU1801137 MR MS 
169 RU1801169 MR MR 167 RU1804167 MR MS 
179 RU1804179 MR MR 180 RU0803180 MR MS 
184 RU0803184 MR MR 191 RU1804191 MR MS 
        193 RU1801193 MR MS 
        204 RU1804204 MR MS 
        209 RU1804209 MR MS 
        215 RU0803218 MR MS 
        221 RU1801221 MR MS 
        223 RU1805223 MR MS 
        238 RU1801238 MR MS 
        240 Rex MR MS 
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Table 2. 2018 Uniform Regional Rice Nursery entries that showed moderately susceptible 
(MS) response to bacterial panicle blight planted in the field at the University of Arkansas 
System Division of Agriculture’s Rice Research and Extension Center, Stuttgart, in the third 
week of April and May and spray-inoculated twice between boot split and flowering. 
Entry 
no. Cultivar 
Early 
planted 
Late 
planted 
Entry 
no. Cultivar 
Early 
planted 
Late 
planted 
  Reaction Reaction     
8 RU1503175 MS MS 163 RU1804163 MS MS 
26 RU1702168 MS MS 173 RU1801173 MS MS 
38 WLLS MS MS 175 RU1804175 MS MS 
42 RU1802042 MS MS 176 RU0803176 MS MS 
52 RU1303181 MS MS 177 RU1801177 MS MS 
54 RU1802054 MS MS 185 RU1701185 MS MS 
58 CHENERIE MS MS 187 RU1804187 MS MS 
60 CL272a MS VS 188 RU0803188 MS MS 
77 RU1403138 MS MS 189 RU1801189 MS MS 
83 RU1804083 MS MS 192 RU0803192 MS MS 
84 RU1703098 MS MS 195 RU1804195 MS MS 
85 RU1801085 MS MS 196 RU0803196 MS MS 
89 RU1801089 MS MS 197 RU1805197 MS MS 
90 RU1802090 MS MS 198 RU1805198 MS MS 
99 RU1804099 MS MS 200 CL151a S MS 
105 RU1801105 MS MS 211 RU1801211 MS MS 
115 RU1804115 MS MS 213 RU1805213 MS MS 
139 RU1804139 MS MS 216 RU1801216 MS MS 
141 RU1801141 MS MS 220 RU0803232 MS MS 
142 RU1802142 MS MS 225 RU0803233 MS MS 
158 RU1805158 MS MS 229 RU1804229 MS MS 
161 RU1801161 MS MS 231 RU1801231 MS MS 
162 RU1802162 MS MS 234 RU1804234 MS MS 
        239 DELLA 2 MS MS 
a Historically, CL272 is VS and CL151 is S to BPB.    
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Table 3. Reactions of 2018 Arkansas Rice Performance Test to bacterial panicle blight planted 
in the field at the University of Arkansas System Division of Agriculture’s Rice Research 
and Extension Center, Stuttgart, in the third week of April and May and spray-inoculated twice 
between boot split and flowering. 
Entry 
no. Cultivar 
Early 
planted 
Late 
planted 
Entry 
no. Cultivar 
Early 
planted 
Late 
planted 
  Reaction Reaction   Reaction Reaction 
356 RU1701096 MR MR 359 STG15L-13-264 MS VS 
344 RU1801081 MR MR 335 RU1601139 MS VS 
369 RU1801169 MR MR 359 STG15L-13-264 MS VS 
340 RU1701084 MR MR 334 RU1701007 MS S 
305 Jupiter MR MR 355 RU1701111 MS S 
310 CL172 MR MS 341 RU1701081 MS S 
358 RU1801097 MR MS 307 CL272 MS VS 
352 RU1501102 MR MS 306 Titan MS VS 
350 STG15IMI-03-059 MR MS 304 Wells MS VS 
343 RU1601070 MR MS 365 RU1601124 MS VS 
321 PVL01 MR MS 374 RU1701124 S MS 
332 STG16IMI-13-016 MR MS 308 CL151 S MS 
371 RU1801137 MR MS 362 RU1801125 S MR 
361 RU1601099 MR MS 323 CLX6-1133 S MS 
339 RU1601010 MR MS 342 RU1701087 S MS 
330 RU1801193 MR MS 347 RU1801093 S MS 
303 Roy J MR S 375 RU1801133 S MS 
372 RU1701121 MR S 336 RU1701148 VS MS 
370 RU1801145 MR S 301 Diamond S S 
338 RU1801226 MR VS 368 RU1801237 S S 
331 RU1701139 MS MS 363 RU1701127 S S 
326 RU1801161 MS MS 349 RU1801201 S S 
327 RU1801177 MS MS 354 RU1801109 S S 
325 CLX6-1030 MS MS 351 ARoma 17 VS VS 
324 CLX6-1111 MS MS 309 CL153 VS VS 
322 CLX5-4083 MS MS 337 RU1701151 S VS 
333 RU1801216 MS MS 360 RU1701185 S VS 
345 RU1801085 MS MS 329 RU1801181 S VS 
346 RU1801089 MS MS 367 17SIT803 S VS 
348 RU1801141 MS MS 328 RU1701090 S VS 
353 RU1801105 MS MS 302 LaKast S VS 
        319 Jazzman2 S Missing 
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Table 4. 2018 Uniform Regional Rice Nursery entries planted at rice breeders’ field 
at the University of Arkansas System Division of Agriculture’s Rice Research and 
Extension Center, Stuttgart, that showed higher disease reactions in response to 
natural infection of bacterial panicle blight (BPB). 
Plot 
no. Entry Variety 
BPB 
score 
Plot 
no. Entry Variety 
BPB 
score 
4 18URN004 17AYT026 3 40 18URN003 RU1504083 4 
9 18URN009 RU1701087 3 7 18URN007 RU1504197 4 
34 18URN018 CL153 3 14 18URN014 RU1702162 4 
19 18URN019 RU9903092 3 15 18URN015 RU1704055 4 
61 18URN021 RU1601111 3 62 18URN022 RU1702165 4 
66 18URN026 RU1702168 3 67 18URN027 RU1704154 4 
101 18URN033 RU1601030 3 70 18URN030 RU1602195 4 
104 18URN034 RU1802034 3 80 18URN040 DMND 4 
173 18URN043 RU1804043 3 135 18URN055 RU1704114 4 
126 18URN046 RU1802046 3 140 18URN060 CL272 4 
145 18URN050 RU1802050 3 283 18URN118 RU1805118 4 
133 18URN053 RU1701136 3 339 18URN139 RU1804139 4 
206 18URN070 RU1802070 3 354 18URN154 RU1702154 4 
200 18URN080 TITN 3 423 18URN183 RU1804183 4 
287 18URN091 RU1804091 3 430 18URN190 RU1802190 4 
267 18URN107 RU1804107 3 434 18URN194 RU1802194 4 
295 18URN109 RU1801109 3 57 18URN012 RU1003098 5 
321 18URN121 RU1701121 3     
326 18URN126 RU1802126 3     
376 18URN158 RU1805158 3     
403 18URN163 RU1804163 3     
477 18URN169 RU1801169 3     
413 18URN173 RU1801173 3     
454 18URN184 RU0803184 3     
426 18URN186 RU1802186 3     
481 18URN201 RU1801201 3     
482 18URN202 RU1802202 3         
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Economics of Fungicide Application for Rice Sheath 
Blight Disease in Arkansas (Year 3)
Y. Wamishe1, K.B. Watkins2, J. Hardke3, T. Gebremariam1, T. Mulaw1, 
S. Belmar1, and C. Kelsey1
Abstract
Sheath blight disease of rice caused by Rhizoctonia solani AG1-1A is one of the major 
diseases of rice in Arkansas. Fungicides are often recommended if the established 
threshold levels are reached and the disease progresses into the upper canopy during  the 
later growth stages. The economic benefit of these applications must periodically be re-
evaluated based on changes in cultivars, management practices, and fungicide efficacy. 
The effect of fungicide application timing was evaluated on the cultivars LaKast and 
Jupiter at two seeding rates. The fungicide applications at panicle differentiation and 
boot split were compared with the untreated controls. All plots were artificially inocu-
lated with R. solani AG1-1A. Both fungicide application timings resulted in reduced 
sheath blight incidence and higher grain yields when compared to the untreated control. 
However, mean monetary gains were variable based on trial location and fungicide ap-
plication timing. With the adequate nitrogen fertilization applied and less differences 
in canopy, seeding rates seemed to have less impact in the disease or grain yield in this 
study. These results suggest the current recommended fungicide application timing of 
panicle differentiation through heading is generally most appropriate for use in Arkansas. 
Introduction
Sheath blight is one of the major diseases of rice in Arkansas. The disease is 
caused by Rhizoctonia solani AG1-1A, a soilborne fungus that has several host plants. 
Prolonged periods of high humidity and high temperatures favor the sheath blight 
disease of rice to initiate infection and progress throughout the foliar canopy. The 
fungus survives as mycelia or mycelial mass known as “sclerotia” that infect the rice 
plants at the waterline. Once infection is started, the disease progresses upward and 
spreads laterally to neighboring plants through leaf-to-leaf contact; if conditions favor 
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the disease progresses throughout the season. From our observation, rice fields with a 
thicker canopy receiving excessive pre-flood nitrogen are often prone to sheath blight 
disease. Relatively shorter or semi-dwarf varieties also appear more damaged than 
taller varieties. However, recent research data are limited to back up our observation.
Sheath blight is often well managed when using integrated approaches by planting 
tolerant cultivars and using the recommended management practices for rice produc-
tion. A onetime fungicide application is recommended only if a treatment threshold 
warrants. To date, the commercially available and recommended fungicides for sheath 
blight in Arkansas have been shown to slow down the disease progress considerably. In 
most cases, multiple fungicide applications to manage sheath blight while common in 
Arkansas are not economical for rice production. The main objective of this study was 
to assess the monetary gains/losses of sheath blight control with a onetime fungicide 
application under alternative seeding rates and fungicide application timing related to 
rice developmental stages. 
Procedures
Field plots were established at the University of Arkansas System Division of 
Agriculture’s Rice Research and Extension Center (RREC) near Stuttgart, Arkansas and 
at the Division's Pine Tree Research Station (PTRS) near Colt, Arkansas. Two cultivars, 
LaKast and Jupiter, represented tall and short rice cultivars. Each cultivar was planted 
at both an optimum and maximum seeding rate of 72 and 109 lb/acre, respectively, for 
LaKast, and 73 and 111 lb/acre, respectively, for Jupiter. Two fungicide application 
timings at panicle differentiation and boot split were evaluated. This resulted in a 2 × 2 
× 2 factorial (cultivar × seeding rate × fungicide timing in four replications.  Rice plants 
at the panicle initiation (PI) growth stage of rice were artificially inoculated with fresh 
inoculum of Rhizoctonia solani Ag1-IA. Later one-third of the plots were treated with 
Azoxystrobin at the rate of 12.5 oz/acre at panicle differentiation (PD) and one-third at 
boot split and the rest were left untreated as controls. At both locations, sheath blight 
disease began to progress seven days after inoculation. Two disease readings were 
recorded 28 days after the first fungicide application and just prior to harvest. Disease 
ratings included both the vertical and horizontal spread of sheath blight. A 0 to 9 scale 
was used to estimate the vertical disease progress where 0 (no disease) and 9 (disease 
at panicle). Horizontal infection was estimated by the percentage of plants infected. All 
measured parameters of the disease index, grain yield, and milling yield (whole kernel 
and total rice yields) were analyzed statistically using PROC GLM procedure in SAS 
v. 9.4 (SAS Institute, Inc., Cary N.C.). 
Monetary gains or losses associated with sheath blight disease control were 
calculated as gross returns (rice price multiplied by yield) minus the cost of fungicide 
application and cost of seed. A rice price of $5.70/bushel was used in the analysis and 
represented the average U.S. farm price for rice for the months of August through 
October 2018 (USDA-NASS, 2019). The cost of fungicide application included both 
the cost of the fungicide itself and the cost of making one aerial fungicide application. 
Fungicide product cost was calculated at $1.88 per ounce for Azoxystrobin multiplied by 
the fungicide application rate (12.5 oz/acre). A cost of $7/acre was charged for custom 
aerial application. The cost of seed was calculated as the product of the seeding rates 
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used for each cultivar multiplied by a seed price of $0.50/lb. Costs per unit for fungicide, 
seed, and aerial application were obtained from 2017 Arkansas crop enterprise budgets 
(Watkins, 2018). Monetary gains to fungicide application were calculated by location, 
cultivar, seeding rate, and fungicide application. Monetary gains of sheath blight control 
were also analyzed statistically using the PROC GLM procedure in SAS v. 9.4. 
Results and Discussion
Due to clear differences in disease levels at the end of the season, only the sheath 
blight disease ratings taken prior to harvest were used in the analysis at both locations. 
Sheath blight disease development was lower and more erratic at PTRS compared to 
RREC (data not shown). There were significant differences in sheath blight disease 
levels between the sprayed and unsprayed plots for both cultivars at RREC (data not 
shown). However, there was no significant difference in disease levels between the PD 
and boot split fungicide applications. Results of the fungicide timing at RREC showed 
that when sheath blight is present, a single fungicide application either at the PD or boot 
split stage of the crop provided adequate control of disease to achieve a crop yield. The 
lower and erratic incidence of sheath blight disease at PTRS did not show significant 
differences in disease level, grain yield, and milling quality between the sprayed and 
unsprayed plots. The rice variety Jupiter produced higher mean grain yields than LaKast 
at RREC. There was also no significant yield difference between the two varieties at 
PTRS. Averaged across cultivars, the maximum seeding rate did not result in signifi-
cantly higher grain yield or milling quality compared to the optimum seeding at both 
locations (data not shown). This may account for the lack of denser canopy regardless 
of the higher seeding rate. Canopy becomes denser with higher nitrogen fertilization 
rate. In these test plots at RREC, 105 N/acre rate was applied pre-flood and 45 N/acre 
at mid-season in the form of urea. At PTRS, plots received 150 lb N/acre pre-flood in a 
form of urea and 10 lb N/acre at mid-season.  These N rates were not excessive enough 
to make the canopy denser.  
For the RREC location, mean monetary gains of sheath blight control varied 
primarily by spray timing showing higher yield at boot split (Table 1). Monetary gains 
of Jupiter were largest for the boot split fungicide at both optimum and maximum seed-
ing rates ($1400.09 and $1325.39/acre, respectively). LaKast, showed mean monetary 
gains to be largest at a boot split spray with the maximum seeding rate ($1258.73/acre) 
(Table 2). At PTRS, mean monetary gains tended to be largest when no fungicide was 
sprayed (Table 3). The mean monetary gains were significantly larger for the boot split 
spray timing at the RREC (Table 4). The only exception was with Jupiter under the 
maximum seeding rate. Under the maximum seeding rate, the largest mean monetary 
gain for Jupiter occurred when spraying fungicide at panicle differentiation ($1217.73/
acre, Table 3). However, this mean monetary return was a little different from the mean 
monetary return for Jupiter at the maximum seeding rate and under no fungicide sprayed 
($1212.32/acre). No significant differences in mean monetary gains occurred at PTRS 
(Table 3). At PTRS, the disease pressure was not consistent across the study so mean 
monetary gains tended to be largest when no fungicide was applied (Table 3).
  AAES Research Series 659
130
Weather factors of rain and warm temperatures combined with management 
practices on nitrogen fertilization and flooding of rice all play a role in the severity 
level of the sheath blight disease. Although there was no significant grain yield differ-
ence between the two fungicide spray timings, both timings resulted in increased grain 
yields relative to the untreated control. These results suggest the current recommended 
fungicide application timing of PD through heading is generally appropriate for use 
in Arkansas. Moreover, the study indicated the insignificant role of maximum seeding 
rate to increase yield
Significance of Findings
The frequency of fungicide application issued by the University of Arkansas 
System Division of Agriculture's Cooperative Extension Service for managing sheath 
blight disease in rice was shown to be a single application from PD to flowering given 
threshold values for the field have been reached. Excessive fungicide applications 
should be discourage as they add additional expense on rice producers while also put-
ting fungicides at risk of losing their efficacy due to pathogen insensitivity.
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Table 1. Differences in mean yields from sheath blight control 
by variety, seeding rate, and spray timing, University of 
Arkansas System Division of Agriculture’s Rice Research and 
Extension Center (RREC), Stuttgart, and Pine Tree Research 
Station (PTRS), near Colt, 2018. 
Class RREC PTRS 
 --------------------------bu./acre--------------------------- 
Variety   
LaKast   215.4 a† 217.4 a 
Jupiter 222.6 a 225.7 a 
LSD‡ 19.6 12.1 
   
Seeding rate   
Optimum 219.8 a 222.1 a 
Maximum 218.2 a 221.0 a 
LSD 19.6 12.1 
   
Spray timing   
No spray 203.1 b 223.4 a 
PD§ 213.9 b 219.5 a 
BS 240.0 a 221.9 a 
LSD 24.0 14.8 
† Means within a column followed by different letters are significantly 
  different at the 0.05 level. 
‡ LSD = least significant difference. 
§ PD = panicle differentiation; BS = boot split.  
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Table 2. Monetary gains of sheath blight control by variety, seeding rate, 
and spray timing, University of Arkansas System Division of Agriculture’s 
Rice Research and Extension Center, Stuttgart, 2018. 
Variety 
Seeding 
rate 
Spray 
timing† 
Gross 
return 
Seed 
cost 
Fungicide 
cost 
Monetary 
gain 
   ---------------------------$/acre-------------------------
--- LaKast Optimum No spray 1180.65 36.00 0.00 1144.65 
  PD 1255.12 36.00 30.50 1188.62 
  BS 1249.37 36.00 30.50 1182.87 
 Maximum No spray 1052.51 54.50 0.00 998.01 
  PD 1284.73 54.50 30.50 1199.73 
  BS 1343.73 54.50 30.50 1258.73 
Jupiter Optimum No spray 1180.94 36.50 0.00 1144.44 
 
 PD 1184.49 36.50 30.50 1117.49 
 
 BS 1467.09 36.50 30.50 1400.09 
 Maximum No spray 1217.37 55.50 0.00 1161.87 
 
 PD 1152.95 55.50 30.50 1066.95 
 
 BS 1411.39 55.50 30.50 1325.39 
† No spray = control; PD = panicle differentiation; BS = boot split. 
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Table 3. Monetary gains of sheath blight control by variety, seeding rate, 
and spray timing, University of Arkansas System Division of Agriculture’s 
Pine Tree Research Station, near Colt, 2018. 
Variety Seeding rate 
Spray 
timing† 
Gross 
return 
Seed 
cost 
Fungicide 
cost 
Monetary 
gain 
   -------------------------$/acre------------------------- 
LaKast Optimum No spray 1228.21 36.00 0.00 1192.21 
  PD 1247.73 36.00 30.50 1181.23 
  BS 1238.61 36.00 30.50 1172.11 
 Maximum No spray 1255.85 54.50 0.00 1201.35 
  PD 1206.83 54.50 30.50 1121.83 
  BS 1259.27 54.50 30.50 1174.27 
Jupiter Optimum No spray 1340.64 36.50 0.00 1304.14 
  PD 1246.59 36.50 30.50 1179.59 
  BS 1295.61 36.50 30.50 1228.61 
 Maximum No spray 1267.82 55.50 0.00 1212.32 
  PD 1303.73 55.50 30.50 1217.73 
  BS 1265.97 55.50 30.50 1179.97 
† No spray = control; PD = panicle differentiation; BS = boot split. 
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Table 4. Differences in mean monetary gains of sheath blight 
control by variety, seeding rate, and spray timing, University 
of Arkansas System Division of Agriculture’s Rice Research 
and Extension Center (RREC), Stuttgart, and Pine Tree Research 
Station (PTRS), near Colt, 2018. 
Class RREC PTRS 
 -----------------------------$/acre--------------------------- 
Variety   
LaKast   1162.10 a† 1173.83 a 
Jupiter 1202.71 a 1220.39 a 
LSD‡ 111.80 68.97 
   
Seeding rate   
Optimum 1196.36 a 1209.65 a 
Maximum 1166.45 a 1184.58 a 
LSD 111.80 68.97 
   
Spray timing   
No Spray 1112.24 b 1227.51 a 
PD 1143.20 b 1175.10 a 
BS 1291.77 a 1188.74 a 
LSD 136.93 84.48 
† Means within a column followed by different letters are significantly 
  different at the 0.05 level. 
‡ LSD = least significant difference. 
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Efficacy of Selected Insecticides for Control of Rice Stink Bug
N.R. Bateman1, G.M. Lorenz2, B.C. Thrash2, A.J. Cato2, J.T. Hardke3, 
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L.D. McCullars4, and W.J. Plummer3
Abstract
Over half the rice acres in Arkansas receive at least one application of insecticide yearly 
for control of rice stink bug. It is imperative to test new insecticides and currently la-
beled insecticides for control of rice stink bug yearly to make economical and efficient 
recommendations for growers of Arkansas. Multiple studies were conducted throughout 
Arkansas in 2018 to compare efficacy and residual of currently labeled insecticides for 
control of rice stink bugs. All products tested had adequate control of rice stink bugs at 
3 days and 7 days after application. No insecticides tested, other than an experimental, 
were able to consistently provide more than 7 days of residual control of rice stink bugs.
Introduction
Rice stink bug, Oebalus pugnax F. is the number one pest of heading rice in 
Arkansas (Lorenz et al., 2018). Rice stink bugs can cause direct yield loss when feed-
ing occurs during the flowering and milk stage, and ‘peck’, or quality loss, during the 
soft and hard dough stages. During the spring, adult rice stink bugs feed on wild grass 
hosts, allowing for reproduction and an increase in population before rice begins to head 
(Swanson and Newsom, 1962). On average one application is needed for adequate rice 
stink bug control. For very early and very late heading rice, multiple applications may 
be warranted to reduce stink bug populations to a lower level than the action threshold 
(Lorenz et al., 2018). On these acres, an insecticide that can provide long-term residual 
control is needed. Currently, only two classes of insecticides are labeled for rice stink 
bug control in rice, pyrethroids and neonicotinoids. Neither have been shown to provide 
long-term control of rice stink bug. The objective of this study was to determine the 
efficacy and residual control of currently labeled products as well as future products 
for rice stink bug control.
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Procedures
A study was conducted in 2018 in Stuttgart, Almyra, and Conway, Arkansas to 
test the efficacy and residual control of selected insecticides for control of rice stink 
bug. Treatments included: Fastac at 3.2 and 3.8 oz/acre, Mustang Maxx at 2.64 and 4.0 
oz/acre, Lambda-Cy at 3.65 oz/acre, Belay at 4.5 oz/acre, Tenchu at 7.5 oz/acre, and 
an experimental. Plots were sampled 3, 7, and 13 days after application in Stuttgart 
and Almyra, and 3, 7, 16, and 20 days after application in Conway. To determine stink 
bug densities, a 15-inch sweep net was used at each rating date, conducting 10 sweeps 
per plot. Plot size was 10 ft × 20 ft, with 4 replications at each location. All insecticide 
applications were made using a backpack sprayer calibrated at 10 GPA with Teejet 
TX-6 hollow cone nozzles. All data was analyzed using Agriculture Research Manager 
Version 16, with an analysis of variance (α = 0.10).
Results and Discussion
Stuttgart
At 3 days after application, only Fastac at 3.2 oz reduced rice stink bug densities 
lower than the untreated check (Fig. 1). All treatments lowered rice stink bug densities 
below the untreated check at 7 days after application except Mustang Maxx at 2.64 
and 4.0 oz/acre and Belay at 4.5 oz/acre (Fig. 1). Fastac at 3.2 oz/acre and 3.8 oz/acre, 
Mustang Maxx at 4.0 oz/acre, and the experimental were the only treatments to reduce 
rice stink bug densities lower than the untreated check at 13 days after application.
Almyra
All treatments reduced rice stink bug populations lower than the untreated control 
at 3, 7, and 13 days after application except Fastac at 3.2 oz/acre at 7 days after applica-
tion (Fig. 2). In general, few differences were observed between insecticide treatments 
at all sample dates. All insecticide treatments began losing residual control with the 
exception of Belay, the experimental, and Tenchu; these were the only treatments to 
keep rice stink bug below threshold 13 days after application (Fig. 2).
Conway
All insecticide treatments reduced rice stink bug densities compared to the un-
treated control at 3, 7, and 16 days after application, except Fastac at 3.8 oz/acre at 16 
days after application (Fig. 3). At 20 days after application, only Lambda-Cy, Belay, 
Tenchu, and the experimental reduced rice stink bug densities compared to the untreated 
control (Fig. 3).
All Locations
The trend was observed at all locations that the insecticides used in this study 
were not reducing rice stink bug numbers below the action threshold by day 13 or 16. 
The experimental was the only product to consistently reduce rice stink bug numbers 
lower than the untreated control past 13 days. Other products, such as Tenchu and Belay, 
had variable long term residual.
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Significance of Findings
Currently, rice producers have multiple options for control of rice stink bug, but 
none with long-term residual control. In most cases, only one application is needed for 
control of rice stink bug, but for very early and very late planted rice this may not be 
the case. For these acres, a product with long-term residual control is needed. Currently, 
there are no labeled products for rice stink bug that can consistently provide the control 
needed for rice stink bug past 7 days. There are however, potential future compounds 
explored in this study that appear to have a longer residual control of rice stink bugs. 
This will hopefully allow growers to make one application in problematic fields that 
would typically require two to three applications for rice stink bug. 
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Fig. 1. Rice stink bug foliar insecticide efficacy study conducted at Stuttgart 
Arkansas, during 2018. Means within a sample date followed by the same letter 
are not significantly different. 
Fig. 2. Rice stink bug foliar insecticide efficacy study conducted at Almyra 
Arkansas, during 2018. Means within a sample date followed by the same letter 
are not significantly different.
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Fig. 3. Rice stink bug foliar insecticide efficacy study conducted at Conway Arkansas, 
during 2018. Means within a sample date followed by the same letter are not significantly 
different.
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Oebalus pugnax (F.) in Rice
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Abstract
The goal of this study was to determine the role that sweep length plays in rice stink 
bug sampling accuracy and develop an accurate sampling plan with a defined sweep 
length. Data from this study suggests that knowledge of sweep length is vital. It was 
also determined that 6-ft sweeps are as accurate as 11.5-ft (180°) sweeps in estimating 
rice stink bug populations in rice. Adoption of a 6-ft sweep length recommendation 
has the potential to increase the accuracy of the sampling regimen among consultants 
and producers, increasing their confidence in the sampling method, which could lead 
to more accurate stink bug action threshold decisions.
Introduction
The rice stink bug, Oebalus pugnax (F.), is a major pest of rice, Oryza sativa L., in 
the southern United States (Webb, 1920). Sampling for rice stink bug is performed using 
a standard 15-in. diameter sweep net, with 10 sets of 10 sweep samples recommended 
for estimating the density present in a field. In Arkansas, rice stink bug is managed with 
two different thresholds depending upon the growth stages present in each rice field 
(Lorenz et al., 2019). During the first two weeks of heading, the action threshold is 5 
rice stink bugs per 10 sweeps to prevent direct yield loss, and during the next 2 weeks 
of heading, the action threshold is 10 rice stink bugs per 10 sweeps to prevent quality 
loss. These thresholds were created using cage trials, which is typical of most rice stink 
bug damage determination work. The damage in a controlled area of rice within the cage 
is then related directly to the area sampled with a standard 15-in. sweep net (Espino et 
al., 2007; Awuni et al., 2015).
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Many threshold studies have directly related the area of rice in cages to the area 
being sampled by sweep nets; however, currently there are no recommendations for the 
area (length × width) that should be sampled with a sweep net. In fact, consultants and 
producers have been unhappy with the recommendation of a 180° sweep for almost 30 
years. Cato et al. (2017) observed a large range in the sweep length that was being used 
for rice stink bug sampling. Threshold studies estimate the amount of area sampled to 
create a treatment recommendation. If the area being sampled by consultants and pro-
ducers differs from that estimated by researchers when adapting thresholds, inaccurate 
recommendations will likely result.
The objective of this study was to determine the role that sweep length plays in 
rice stink bug sampling accuracy and develop an accurate sampling plan with a defined 
sweep length.
Procedures
Differences Between Sweep Lengths
Ten Arkansas rice fields were sampled in 2017 using a randomized complete block 
design with 4–8 replicate blocks (transects measuring at least 350 ft) and 3 treatments. 
Within each field, three sweep lengths were used: 3 ft, 6 ft, and 11.5 ft (180° sweep). 
These lengths were selected as representative of sweep lengths encompassing what was 
observed by Cato et al. (2017), with the mean and median of observed sweep lengths 
equaling 6 ft and 6.5 ft respectively. The 11.5 ft sweep contained a large arc (180°), 
whereas the 3 ft and 6 ft sweep lengths contained minimal arc, and were a linear distance 
in front of sweepers as they moved. Two sweepers completed 3–4 subsamples of each 
sweep length treatment within each transect. At least 4 transects were completed in each 
field with over 150 ft separating each transect. Sweeps were taken slightly in front of 
the sweeper with the ring of the net positioned perpendicular to the rice with the rice 
heads in the center, taking at least 1–2 steps between each sweep, at a quick pace. In 
total, 922 sets of 10 sweep samples were taken across the 10 fields that were sampled. 
Of those 10 fields sampled, 6 were considered to be at the early growth stage (flower-
ing and milk), and 4 were considered to be at the late growth stage (soft dough and 
hard dough). Five of the fields were hybrid cultivars and 5 were conventional varieties.
Data were compared using a one-way analysis of variance utilizing PROC 
GLIMMIX SAS v. 9.4 (SAS Institute, Inc., Cary, N.C.). Random variables for this 
analysis consisted of: field, transect nested within field, and sampler nested within each 
field*transect. Means were separated using Tukey’s honestly significant difference post 
hoc analysis at a significance level of α = 0.05.
Optimum Sample Size 
Twenty-four commercial Arkansas rice fields were sampled across 2017 and 
2018. Each field was sampled in at least 4 unique transects, 21 ft from the edge of the 
field. An average of 45 samples (sets of 10 sweeps) were taken evenly across these 
transects, with 1064 samples taken in total. The number of samples taken per transect 
and the number of transects varied per field depending upon the size and shape of the 
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field. Samples measured either 6 ft or 11.5 ft in width each, samplers were at least 20 
ft apart, and samplers worked at a quick pace taking at least 1–2 steps between each 
sweep. After each sample, the number of rice stink bugs caught per sample were re-
corded. Fifteen of these fields were considered to be in the early heading growth stage 
(head emergence to milk), and 9 fields were considered in the late heading growth stage 
(soft dough to hard dough). 
The spatial pattern of rice stink bug across commercial rice fields was explained 
using Taylor’s power law, s2 = axb, which relates mean density to variance (Taylor, 1984). 
Non-linear regression of sample variance and sample mean values were performed 
using PROC NLIN SAS v. 9.4 (SAS Institute, Inc., Cary, N.C.), with data compared 
across all 24 fields. The optimum sample size (n) at varying levels of reliability was 
then determined using Karandinos’ (1976) equation with modifications by Wilson and 
Room (1982): n = t2
α/2
Dx
-2s2x-2. This equation was then modified by substituting s2 as 
determined by Taylor’s power law, yielding: n = t2
α/2
Dx
-2axb-2, where t
α/2
 is the standard 
normal variate for a two-tailed confidence interval at α = 0.10, Dx is a measure of 
reliability using the proportion of the mean equivalent to half the desired confidence 
interval (0.1, 0.2, or 0.3), and x is the mean density. The Dx values of 0.1, 0.2, and 0.3 
were used to determine estimates of sample size within 10%, 20%, or 30% of mean 
using a 90% confidence interval (α = 0.1). The mean density (x) is typically set to the 
economic threshold value, however, the threshold for rice stink bug is in flux across 
many states. Therefore a range of values encompassing rice stink bug thresholds were 
used (3, 5, 10, and 20 rice stink bugs). 
Results and Discussion
When sweep net samples were controlled at 3 different sweep lengths (3 ft, 6 ft, 
and 11.5 ft), large differences were observed between the average number of rice stink 
bugs sampled (Table 1). An average of 4.4, 6.7, and 10.6 rice stink bugs were caught at 
the 3 sweep lengths respectively. This is important because a difference of over 2 rice 
stink bugs per 10 sweeps was observed when comparing 3 ft and 6 ft sweep lengths 
(Table 1). Considering that Cato et al. (2017) previously reported a large level of varia-
tion in sweep length ranging from 3 ft–9 ft, it is likely that differences in sweep length 
are leading to inaccurate treatment decisions. 
Previously recommended sweeps of 180° (11.5 ft) were used in this study and 
were found to be far too laborious and unnecessary. When comparing 6 ft and 11.5 ft 
sweeps, almost no difference was observed in the number of 10 sweep samples neces-
sary (Table 2, Fig. 1). At our current threshold of 5 rice stink bugs per 10 sweeps in 
the first two weeks of heading and 10 rice stink bugs per 10 sweeps in the second two 
weeks of heading, 9 and 4 sets of 10 sweeps respectively would be necessary for both 
6 ft and 11.5 ft sweeps. This indicates that the smaller 6 ft sweep is just as accurate as 
the much larger 11.5 ft sweep in estimating rice stink bug populations.
Significance of Findings
Currently, many rice producers and consultants do not use the 180° sweep lengths 
that are recommended. Instead, sweep lengths that are much more achievable and less 
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laborious are being employed to sample for rice stink bug. However, data from this 
study suggests that deviation from the recommended sampling regimen could lead to 
inaccurate treatment decisions, as thresholds currently estimate the area being sampled 
within the field. This study also determined that a much less laborious sampling regimen 
using 6 ft sweeps is as accurate as using 180° sweeps in estimating rice stink bug popula-
tions. Adoption of a 6 ft sweep length recommendation has the potential to increase the 
confidence of the recommended sampling regimen in consultants and producers, which 
could lead to more accurate action threshold decisions being made for rice stink bug.
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Table 1. Mean number of rice stink bug, Oebalus pugnax, caught 
per 10 sweep sample using three sweep length treatments across 
ten rice fields sampled in Arkansas in 2017. 
Sweep 
length 
10 Sweep catch 
(rice stink bugs) 
Standard 
deviation 
Standard 
error 
Sample 
size (n) 
3.5 m  10.6 a† 7.0 0.4 46 
1.8 m 6.7 b 5.2 0.3 46 
0.9 m 4.4 c 4.1 0.2 46 
† 10 sweep rice stink bug catch averages followed by a different letter 
  are significantly different according to a Tukey’s honestly significant 
  difference at α=0.05. 
 
Table 2. Optimum sample size for thresholds of 3, 5, and 10 rice 
stink bugs per 10 sweeps for a reliability estimate within 80% of the 
mean, reported for 6 ft and 11.5 ft (180°) sweep lengths. 
Sweep length Reliability Threshold 
Optimum 
sample size 
1.8m 
80% 3 16 
80% 5 9 
80% 10 4 
3.5m 
80% 3 17 
80% 5 9 
80% 10 4 
 
Fig. 1. Optimum sample size required to obtain a density estimate within 70%, 80%, and 
90% of the mean for 10 sweep samples for rice stink bug, Oebalus pugnax, using a sweep 
length of 6 ft and 11.5 ft (180° sweep).
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Relating Rice Stink Bug, Oebalus pugnax (F.), Sampling 
to Direct and Indirect Yield Loss in Rice
A.J. Cato1, G.M. Lorenz1, N.R. Bateman2, J.T. Hardke3, T.L. Clayton2, 
G. Felts2, B.C. Thrash1, N.M. Taillon1, W.A. Plummer1, J.K. McPherson1, 
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Abstract
This study sought to estimate direct and indirect yield loss due to different densities of 
rice stink bug in a defined sampling area of uncaged rice. Data from this study indicates 
populations averaging 10 rice stink bugs per 10 sweeps yielded peck levels of 1.8% 
when no insecticide applications were made. A decrease in milled rice yield and head 
rice yield was observed when comparing untreated plots to standard threshold plots, 
but no relationship was observed when considering direct yield loss (bu./acre). Results 
from this study confirm the validity of the current Arkansas threshold of 10 rice stink 
bugs per 10 sweeps during the second two weeks of heading.
Introduction
The rice stink bug, Oebalus pugnax (L.), is the most important pest of headed rice, 
Oryza, sativa L., in the southern United States (Webb 1920). Sampling for rice stink 
bug is performed using a 15-in. diameter sweep net, with 10 sets of 10 sweep samples 
recommended for estimating the population density present in a field. Rice stink bug in 
Arkansas is managed with two different action thresholds depending upon the growth 
stages present in each rice field (Lorenz et al., 2019). During the first two weeks of 
heading, the action threshold is 5 rice stink bugs per 10 sweeps to prevent direct yield 
loss; and during the next 2 weeks of heading, the action threshold is 10 rice stink bugs 
per 10 sweeps to prevent quality loss. 
Rice stink bug feeds on the developing kernels of rice and other grasses beginning 
at the heading phase when the panicle is exerted from the boot until the end of the ripen-
1 Entomology Postdoctoral Researcher, Associate Department Head/Extension Entomologist, Extension 
Entomologist, Program Associate, Program Associate, and Program Associate, respectively. 
Department of Entomology, Lonoke.
2 Rice Entomologist, Program Associate, and Program Associate, respectively. Department of 
Entomology, Stuttgart.
3 Rice Extension Agronomist and Program Technician, respectively. Department of Crop, Soil, 
and Environmental Sciences, Stuttgart.
4 M.S. Graduate Assistant, Department of Entomology, Fayetteville.
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ing phase, known as the hard dough growth stage (Swanson and Newsom, 1962). Rice 
stink bug feeding during the flowering stage of rice development often causes blanked 
kernels and direct rough rice yield loss (Douglas and Tullis, 1950). Feeding during the 
milk to soft and hard dough growth stages can result in a loss of quality associated 
with broken, chalky or discolored kernels, which is commonly known as “peck.” Peck 
increases the potential that a kernel could break during milling, and a high occurrence 
of pecky kernels can reduce USDA grade. At 2.5% and 4.0% damaged kernels, rice is 
considered grade 3 and grade 4, and can incur a deduction of up to $0.15–$0.30 per 
bushel respectively.
Damage studies that utilize cages seek to relate the amount of damage present 
using a known density, number of rice stink bugs per ft2, to the area that is sampled 
within the field. This requires a known sampling area (length × width) and a known 
sampling success within that area (number caught vs. number present). If inaccurate 
estimations of rice stink bug density to sample relationships are made, then rice stink 
bug thresholds will not be accurate when used to make treatment decisions. Sampling 
area and sampling success do not have to be estimated when relating sweep net sample 
estimates to damage values without the use of cages. Instead, the sampled area used in 
an uncaged trial can relate directly to the area being sampled in real world situations 
based on the sweep length being used. 
The objective of this study was to estimate direct and indirect yield loss due to 
different densities of rice stink bug in a defined sampling area of uncaged rice.
Procedures
Field experiments were conducted in 2018 across 6 locations in Arkansas: 2 near 
Stuttgart, 2 near Almyra, 1 near Conway, and 1 near Harrisburg. Five of the 6 locations 
were within grower fields, chosen based on the presence of rice stink bugs in surveyed 
fields. Agronomic practices across locations were decided by field managers rather than 
researchers, therefore some differences existed in fertility, cultivar, and pest management. 
A randomized complete block design was utilized with 4 replicate blocks per 
location and 3 treatments. Treatments utilized were variations of rice stink bug thresh-
olds at 4 levels: 1) an untreated control (2 reps per block), 2) standard threshold of 5 
stink bugs per 10 sweeps the first two weeks of heading followed by 10 stink bugs per 
10 sweeps the second two weeks of heading, and 3) 10 rice stink bugs per 10 sweeps 
throughout heading. These will be referred to as ‘untreated’, ‘standard threshold,’ and 
‘10 all season,’ respectively, from this point forward. Plots measured 15–20 ft in width 
and were 50 ft in length. 
Average rice stink bug density was estimated within each plot once per week from 
flowering until 60–70% hard dough. Sampling was performed using a 15-in. sweep 
net while utilizing 6-ft sweeps taken with at least 1–2 steps between each sweep while 
quickly walking across the plot. Only the left half of each plot was sampled to estimate 
the rice stink bug density present, with 2 sets of 10 sweeps taken per plot across the 50-ft 
length. The right half of each plot was not sampled in order to minimize yield loss and 
kernel damage due to sweep net sampling. Treatment decisions were then determined 
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by averaging the number of rice stink bugs captured across all 4 replicate blocks, with 8 
samples being used per treatment decision each week. When thresholds were exceeded 
within a single location, both sampled and harvested sides of all plots with that treat-
ment received an application of generic lambda-cyhalothrin at a rate of 3.65 oz/acre. 
Insecticide applications were made using a CO2 backpack sprayer, calibrated at 10 gal/
acre with Tee-Jet hollow cone TX-6 nozzles. 
The portion of each plot that was not sweep net sampled was harvested after 
kernel moisture averaged less than 20%, as determined by a mini GAC® handheld grain 
moisture tester. A Wintersteiger® classic plot combine was used to harvest 7 rows of 
the unsampled side of each plot (4.4 ft width × 18–24 ft length). A 700 g sample of 
rough rice was obtained from each plot and was dried to 12% moisture before grain 
quality analysis. Quality of rice was determined by rating samples using USDA grade 
standards (Hardke and Siebenmorgen, 2019) and by determining total milled rice yield 
(MRY) and percent whole kernel rice yield (head rice, HRY). A 100-g sample was also 
dehulled to determine the percent peck caused by rice stink bugs (RSB Peck) using: 
(weight of peck caused by rice stink bug ÷ weight of total brown rice sample including 
clean and pecky rice) × 100. 
Data were compared using a two-way analysis of variance utilizing PROC GLIM-
MIX SAS v. 9.4 (SAS Institute, Inc., Cary, N.C.). Means were separated using Tukey’s 
honestly significant difference post hoc analysis at P < 0.05. Data were further analyzed 
using regression analysis with PROC GLIMMIX.
Results and Discussion
All locations received at least one application of insecticide based upon threshold 
requirements (Figs. 1 and 2). At all locations except Stuttgart 1 and Stuttgart 2, untreated 
plots exhibited significantly more RSB peck than the standard and 10 all season thresholds 
(Table 1). Stuttgart 1 and 2 differed from all other locations because thresholds were 
reached in the standard threshold plots during the first two weeks of heading, while the 
10 all season threshold plots were not sprayed until a later date. No differences were 
observed for yield (bu./acre) between thresholds, but untreated plots exhibited signifi-
cantly lower MRY and HRY when compared to plots that received applications based 
on either of the two thresholds tested (Table 2).
When considering data from all 6 locations, 0.5% RSB peck was observed without 
the presence of any rice stink bugs, and an average increase of 1 rice stink bug per 10 
sweeps across heading growth stages resulted in an additional 0.1% RSB peck (Fig. 3). 
Just under 2% peck was observed when plots averaged 10 rice stink bugs per 10 sweeps, 
and an average of 15 rice stink bugs per sweep across the heading growth stages resulted 
in 2.3% peck.
Significance of Findings
Arkansas rice stink bug thresholds currently require control at 10 rice stink bugs 
per 10 sweeps in the last two weeks of heading, and many states including Mississippi 
have lowered their thresholds in the last few years. Our study established a sampling 
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area without the use of cages and confirmed that the current Arkansas thresholds will 
prevent appreciable levels of peck. Our data indicates that when using a 6-ft sweep 
length for a 10-sweep sample, an average of 15 rice stink bugs per 10 sweeps would 
lead to economic losses from the rice stink bug. A threshold of 10 rice stink bugs per 
10 sweeps in the second two weeks of heading is an acceptable economic threshold for 
treatment to prevent potential economic losses.
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Fig. 3. Peck caused by rice stink bug (RSB peck) predicted by the average number of rice 
stink bugs sampled per week in both sprayed (P = 0.13) and unsprayed plots (P < 0.01) for 
plots at 6 locations across Arkansas rice.
  AAES Research Series 659
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Table 1. Percent rice stink bug peck (RSB peck) observed in rice across 
six locations in Arkansas with corresponding application timings for 
untreated plots, plots sprayed at the standard threshold, and plots 
sprayed at 10 rice stink bugs throughout the sampling period (2018). 
Location Threshold Application timing 
Percent 
RSB peck 
Stuttgart 1 
Untreated . 1.2 a† 
Standard‡ Flowering 0.8 b 
10 rice stink bugs 60% Hard Dough 0.8 ab 
Stuttgart 2 
Untreated . 1.7 a 
Standard‡ Milk/Soft Dough 1.0 b 
10 rice stink bugs 60% Hard Dough 1.5 a 
Almyra 1 
Untreated . 2.4 a 
Standard‡ Milk 1.4 b 
10 rice stink bugs Milk 1.4 b 
Almyra 2 
Untreated . 2.1 a 
Standard‡ Soft Dough 1.2 b 
10 rice stink bugs Soft Dough 1.2 b 
Conway 
Untreated . 3.7 a 
Standard‡ Flow/Milk + 40% Hard Dough 1.4 b 
10 rice stink bugs Flow/Milk + 40% Hard Dough 1.2 b 
Harrisburg 
Untreated . 1.4 a 
Standard‡ 60% Hard Dough 0.9 b 
10 rice stink bugs 60% Hard Dough 1.0 b 
† Means for percent RSB peck are significantly different within a location when 
  followed by a different lowercase letter according to a Tukey’s honestly 
  significant difference post hoc analysis at P < 0.05. 
‡ Standard rice stink bug threshold is 5 rice stink bugs per 10 sweeps in the 
  first two weeks of heading and 10 rice stink bugs per 10 sweeps in the 
  second two weeks of heading. 
 
Table 2. Treatment averages for quality and yield measured 
in percent milled rice yield (MRY), percent head rice yield (HRY), 
and yield (bu./ac) analyzed across location for three treatment 
thresholds in Arkansas rice (2018). 
Treatment MRY HRY Yield  
Sample 
size 
   (bu./ac)  
Untreated 69.7 b† 55.8 b 215 48 
Standard‡ 70.4 a 57.2 a 213 24 
10 All Season 70.3 a 56.5 ab 218 24 
† Means for MRY, HRY, and yield are significantly different when followed by 
  a different lowercase letter according to a Tukey’s honestly significant 
  difference post hoc analysis at P < 0.05. 
‡ Standard rice stink bug threshold is 5 rice stink bugs in the first two weeks 
  of heading and 10 rice stink bugs in the second two weeks of heading. 
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Timing of Insecticide Termination for Rice Stink Bug, 
Oebalus pugnax (F.), in Rice
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Abstract
This study sought to determine the grain maturity level at which rice, Oryza sativa L., is 
no longer susceptible to damage from rice stink bug, Oebalus pugnax (F.), feeding. Data 
from this study indicates that rice is susceptible to damage through 60% hard dough, 
and that rice stink bug damage is significantly reduced between 80–100% hard dough. 
If threshold levels of rice stink bug are not observed at 60% hard dough, monitoring 
and control for this pest are no longer warranted.
Introduction
The rice stink bug, Oebalus pugnax (F.), is a major pest of rice, Oryza sativa L., 
grown in Arkansas and many other southern states (Webb 1920). The rice stink bug 
feeds on the developing kernels of rice and other grasses beginning at the heading 
growth stage when the panicle is exerted from the boot until the end of the ripening 
phase, known as hard dough (Swansom and Newsom, 1962). Feeding by the rice stink 
bug during emergence and flowering can cause blanked kernels and direct rough rice 
yield loss (Douglas and Tullis, 1950; Swanson and Newsom, 1962; Espino et al., 2007). 
At the later stages of heading, milk through soft and hard dough, feeding by the rice 
stink bug is associated with broken, chalky, or pecky kernels. Greater than 2.5% pecky 
kernels by weight can reduce the USDA grade, resulting in a price dockage.
Rice is most susceptible to quality loss from rice stink bug feeding during the 
milk and soft dough stages of grain development; however, low levels of damage are 
known to occur at the hard dough growth stage (Patel et al., 2006; Espino et al., 2007; 
Cato et al., 2018). High densities of rice stink bug are commonly found in fields at the 
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hard dough growth stage when many kernels present on hard dough panicles are still 
in earlier, more susceptible growth stages (Counce et al., 2000). In Arkansas, many 
insecticide applications are made during hard dough due to high densities of rice stink 
bugs moving from adjacent harvested fields, or as the result of an egg laying from sub-
threshold populations during the first two weeks of heading. When plants mature, the 
percent of straw-colored kernels increases and the average percent of visually mature 
kernels (straw-colored kernels) could be used to decide when to terminate insecticide 
applications. Insecticide termination timing is important because consultants and pro-
ducers typically encounter issues concerning re-entry intervals (REI) and pre-harvest 
intervals (PHI) when they apply insecticides late in hard dough.  Additionally, because 
of the fear of losses due to peck, many potentially unnecessary applications are made 
(Gus Lorenz, pers. comm.).
The objective of this study was to develop an insecticide termination timing by 
using visual hard dough estimations to determine quality losses incurred by multiple 
levels of rice stink bug infestations to maturing rice.
Procedures
Field cage trials were conducted at the University of Arkansas System Division 
of Agriculture's Rice Research and Extension Center (RREC), near Stuttgart, Arkansas. 
Rice plots consisted of a hybrid cultivar (RT XP753) and a conventional cultivar (Dia-
mond). Eight row plots measuring 70 × 63 inches were planted using a 7.5-inch drill 
spacing. Standard agronomic practices were used to maintain these plots.
Adult rice stink bugs collected with a 15-in. diameter sweep net from heading 
rice and weedy grasses were utilized for both types of caged trials. To ensure viability, 
rice stink bug adults were placed in 12-in. mesh rearing cages. They were provisioned 
with fresh heading grass material, moist paper towels, cotton balls soaked in sugar 
water (200-g sugar per gallon of water) and maintained at 75 °F for at least 24 h prior 
to releasing the healthy adults into large cage trials, minimizing the use of damaged 
rice stink bugs. 
Large Cages 
Rice plot size was reduced to 3 ft × 3 ft and enclosed in a screen cage (6 ft × 6 ft × 
6 ft) two weeks prior to emergence of the panicle from the boot. A preventive fungicide 
and insecticide application was made using Quilt Xcel at 27 oz/acre and Warrior II at 
2.5 oz/acre. The application of insecticide and fungicide occurred prior to rice panicle 
emergence, and cages remained closed until infestations began. The hard dough growth 
stage within each cage was determined to be the estimated percent of straw-colored 
kernels present on at least half of the panicles within each plot.
Three treatment factors included: number of rice stink bugs released into each 
cage (0, 13, or 25), percent of kernels visually at hard dough when rice stink bugs 
were released (20%, 40%, 60%, or 80%), and rice cultivar (RT XP753 or Diamond). 
Four replications were performed in 2016 for each combination of infestation level × 
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infestation timing × cultivar using a randomized complete block design. In 2017, the 
same experimental design was utilized, with only 3 replications of the hybrid cultivar 
and 4 replications of the conventional cultivar. Two untreated cages were utilized per 
replication (untreated checks) in both years. Cages were removed prior to harvest and 
the entire plot was harvested, weighed, and placed in a dryer until 12% moisture. 
Treatment effects on quality of rice were recorded as percentages of total milled 
rice yield (MRY) and total head rice yield (HRY) for each rice sample per cage us-
ing USDA grade standards (Hardke and Siebenmorgen, 2013). Samples of rough rice 
weighing 100 g were taken from each harvested plot, dehulled to brown rice, and then 
sorted into three subcategories: clean brown rice, peck caused by rice stink bug, and 
peck caused by other factors. The percent peck caused by rice stink bug (% RSB peck) 
was determined using the formula: (weight of peck caused by rice stink bug ÷ weight 
of total brown rice sample including clean and pecky rice) × 100. A 162-g sample of 
rough rice from each cage was milled to white rice and total milled rice yield (MRY) 
and total head rice yield (HRY) was determined.
Uncaged Hard Dough Confirmation
Field experiments were conducted in 2018 in a rice planting near Stuttgart, 
Arkansas and one near Harrisburg, Arkansas. Agronomic practices at both locations 
were decided by field managers rather than researchers, therefore these rice fields 
differed in fertility, rice cultivar, and pest management. No fungicides or insecticides 
were applied by producers in proximity of any experimental rice plot while this study 
was in progress or immediately prior to initiation. There were two treatments (sprayed 
with insecticide and unsprayed) arranged in a randomized complete block design (4 
replicates near Stuttgart and 8 replicates near Harrisburg); plots (20 ft × 50 ft) received 
the insecticide application when at 60% hard dough. Both sprayed and unsprayed plots 
at both Stuttgart and Harrisburg averaged over 10 rice stink bugs at 60% hard dough 
when insecticide applications were made.
Rice stink bug density was estimated within each plot at 60% hard dough. Sam-
pling was performed using a 15-in. diameter sweep net, conducting 6-ft sweeps taken 
with at least 1–2 steps between each sweep while quickly walking across the plot. Only 
the left half of each plot was sampled to determine the rice stink bug density present, 
with 2 sets of 10 sweeps taken per plot across the 50-ft length. The right half of each 
plot was not sampled to minimize yield loss due to sweep net sampling. Sprayed plots 
received an application of lambda-cyhalothrin at a rate of 3.5 oz/acre. Insecticide ap-
plications were made using a CO2 backpack sprayer, calibrated at 10 gal/acre with 
Tee-Jet hollow cone TX-6 nozzles. Both sampled and harvested sides of the plot were 
treated with insecticide. 
Plots were harvested once plots reached 20% grain moisture, as determined by a 
mini GAC® handheld grain moisture tester. A Wintersteiger® classic plot combine was 
used to harvest 7 rows in the right side of each plot (4.4 ft width × 18–24 ft length). 
Quality of rice was determined from a 700-g sample of rough rice as described for 
large cages.
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Data Analysis
Data from large cages were compared using a three-way analysis of variance utiliz-
ing PROC GLIMMIX SAS v. 9.4 (SAS Institute, Inc., Cary, N.C.). The RSB peck was 
adjusted for damage found in untreated cages using Abbott’s Formula (Abbott, 1925). 
Data for yield were not reported and no significance was found, while MRY and HRY 
were compared as main effects alone, as no interactions were found to be significant. 
Data from uncaged trials were compared using a one-way analysis of variance utiliz-
ing PROC GLIMMIX. Location and block nested within location were considered 
random variables. Response variables used were percent RSB peck, MRY, and HRY. 
Means for all trials were separated using Tukey’s honestly significant difference post 
hoc analysis at P = 0.05.
Results and Discussion
When rice stink bugs were released into large cages containing either conven-
tional or hybrid rice during hard dough growth stages, 1.1% and 0.7% RSB Peck at 
20% hard dough was observed for 25 rice stink bugs in both conventional and hybrid 
rice respectively (Fig. 1). A maximum of only 0.4% peck was observed with both in-
festation levels when considering both 60% and 80% hard dough infestation timings. 
Results from large cages complement what was previously found using sleeve cages, 
where susceptibility to damage was predominantly observed from 20–60% hard dough, 
although differences between cultivars was minimal (Cato et al., 2018). A significant 
decrease in MRY was also observed when plots were infested during 20% hard dough, 
although no significant differences were observed with HRY (Table 1). 
In-field infestations of rice stink bug were sprayed at 60% hard dough, and sig-
nificantly more RSB peck was observed in unsprayed plots (1.2%) when compared to 
sprayed plots (0.8%) (Table 2). A significant decrease in MRY was also observed when 
comparing sprayed (69.9) and unsprayed plots (69.5), although no significant relation-
ship was observed when considering HRY. When threshold-level populations were not 
controlled at 60% hard dough, an increase of 0.4% RSB peck and a decrease in 0.4% 
MRY was observed on average (Table 2).
Significance of Findings
Large levels of rice stink bug commonly infest fields during the hard dough growth 
stages, and it is not uncommon for producers to make an insecticide application for 
rice stink bugs when rice is close to full maturity. It is clear that in the early stages of 
hard dough, panicles are still susceptible to levels of peck that could incur quality and 
economic losses when combined with other factors or feeding at previous growth stages. 
However, data from this study indicates that only low amounts of quality loss can be 
expected at 60% hard dough with threshold level populations. Therefore, if threshold 
levels of rice stink bug are not present at 60% hard dough, sampling and insecticide 
applications for this pest should be terminated.
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Fig. 1. Rice stink bug caused peck (RSB peck) caused by 13 or 25 rice stink bugs infested 
in to 2 cultivars of rice at 4 different visual hard dough growth stages (P < 0.05).
Table 1. Effects of rice stink bugs released in large cages at one 
of four panicle growth stages on total milled rice yield (MRY) 
and total head rice yield (HRY). 
Infestation timing MRY HRY 
Untreated 72.58 a† 59.31 
20% hard dough 71.95 b 58.47 
40% hard dough 72.26 ab 58.46 
60% hard dough 72.70 a 59.31 
80% hard dough 72.60 a 59.17 
† Response variable values followed by different lowercase letters are 
  significantly different according to Tukey’s honestly significant difference 
  at α = 0.05. 
 
Table 2. Differences in rice stink bug feeding damage recorded 
as % RSB peck, total milled rice yield (MRY), and total head rice 
yield (HRY) in both unsprayed uncaged rice plots and plots 
sprayed on threshold at 60% hard dough. 
Treatment N RSB peck (SE) MRY (SE) HRY (SE) 
Sprayed 12 0.8 (0.1) b† 69.9 (0.3)  a 54.3 (1.3) 
Unsprayed 12 1.2 (0.1) a 69.5 (0.3)  b 53.4 (1.5) 
† Response variable values followed by a different lowercase letter are 
  significantly different according to Tukey’s honestly significant difference 
  at α = 0.05. 
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Abstract
The rice stink bug, Oebalus pugnax (F.), is the major pest of heading rice in the south-
ern United States. The objective of this study was to evaluate rice susceptibility to 
rice stink bug (RSB) feeding at different stages of heading in rice. Observations were 
made at flowering to milk, and soft to hard dough growth stages with three treatments: 
untreated check, weekly spray, and late heading spray. Yield and percent total rice 
(whole kernels plus broken kernels) were higher with weekly and late sprays than the 
untreated check. Rice stinkbug peck observed on brown rice was lower with weekly 
and late sprays compared to the untreated check. Peck percentages exceeded 1.5% in 
the untreated check in most locations. 
Introduction
When rice stink bugs (RSB) feed on florets during early heading, the contents 
are removed or kernels are atrophied, which can lead to direct yield loss. Feeding dur-
ing later stages of heading often results in a discolored area where feeding occurred. 
This discoloration is known as ‘pecky’ rice and is caused by the invasion of fungi 
into developing rice kernels after the RSB has pierced the rice kernels during feeding 
(Swanson and Newsom, 1962; Hollay et al., 1987). While rice stink bug can cause peck, 
other factors such as disease and adverse weather can also cause discolorations that are 
considered peck. The rice inspection handbook allows for no more than 0.5% damaged 
grain, including pecky rice, in a 500-g sample to be considered U.S. grade 1 (USDA-
FGIS, 2009). Grade reductions due to increased amounts of damaged kernels can lead 
to losses in the value of the harvested grain with drastic economic impacts, $30 an acre 
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for a 200 bushel/acre yield, occurring at grade 3 rice or 2.5% peck (USDA-FGIS, 2009). 
Clayton et al. (2016, 2017, 2018) conducted multiple years of cage studies, observing 
little difference between infestation densities or kernel development stages for yield or 
quality loss while Espino et al. (2007) found significant amounts of RSB damage at the 
soft dough infestation timing; however, Espino et al. (2007) used much greater RSB 
densities than Clayton et al. (2016, 2017, 2018) trials. The question of when RSB needs 
to be controlled is still contested, with reports such as Espino et al. (2007) and Awuni 
et al. (2015) observing that increasing densities of RSB are able to cause damage to 
different kernel development stages of rice. The objective of this study was to evaluate 
rice susceptibility to rice stink bug (RSB) feeding at different stages of heading in rice.
Procedures
Grower locations for the studies included: Almyra (2), Stuttgart (3), Harrisburg 
(1), and Conway (1), Arkansas. At all locations, rice was grown according to standard 
agronomic practices for Arkansas. Plots were 20 feet wide and 50 feet in length. A paired 
plot design was used where the left half of each plot was sampled for RSB infestation 
density and the right half was used for harvest to avoid yield loss through mechanical 
damage from sampling. Treatments included: untreated check, weekly spray, and late 
spray in a randomized compete block design with four replications. 
The weekly sprays began when plots reached 50% heading, and the late sprays 
began when 50% of the plot reached soft dough. Plots were sprayed with Lambda-Cy 
(lambda-cyhalothrin, 1.0 lb ai/ gal) at 3.65 oz/acre, with a backpack sprayer calibrated 
for 10 GPA at 2.5 mph. Both halves of the plots received the insect application when 
applications were made. Each plot was sampled by conducting two sets of 10 sweeps 
(6 ft long) with a 15-in. diameter sweep net to determine RSB density.
The right half of each plot was harvested with a plot combine, and harvested seed 
was stored in a cloth bag and placed in a grain dryer until moisture was 12%. After 
harvest, a random 100-g sample of seed was dehulled for examination of ‘peck’ using 
a light box. Seed was separated into undamaged, damaged, and RSB damaged seed. 
The seed in each category was weighed and the percent damage for each plot was cal-
culated. Milling quality was also assessed using a random 162-g sample of rough rice 
from each plot to determine head rice (whole kernels) and total rice (whole and broken 
kernels). All data was analyzed in PROC GLIMMIX SAS v. 9.4 (SAS Institute, Inc., 
Cary, N.C.) with an analysis of variance (α = 0.05).
Results and Discussion
The RSB densities during the flowering through milk heading stage (first two 
weeks of heading) at all locations but Harrisburg were above the 5 RSBs per 10 sweeps 
threshold (Table 1). The RSB densities at the soft through hard dough timing (second 
two weeks of heading) were below the 10 RSBs per 10 sweeps at all locations except 
Conway and Stuttgart2 (Table 1). The seasonal average across locations ranged from 
5 to 18 RSBs per 10 sweeps (Table 1).
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Yield Benefits from Insecticide Application on Rice Stink Bug
An increase in yields was observed for the weekly (7%) and late sprays (8%), 
compared to the untreated control (P < 0.01). Clayton et al. (2018) observed a trend 
of decreasing yield with higher RSB densities but no significant difference from the 
uninfested plots. Awuni et al. (2015) found uninfested plots yielded higher than plots 
infested with 10 and 20 RSB per 10 sweeps. Bowling (1963) observed a higher yield in 
the non-infested cages compared to the highest infested cage of 50 RSB per 10 sweeps. 
Increased Quality when Controlling Rice Stink Bug
Percent RSB peck in Almyra1, Conway, Harrisburg, Stuttgart, and Stuttgart2 
decreased with weekly and late sprays compared to the untreated control, but were 
not different from each other (Table 2). The RSB peck decreased with weekly and late 
sprays compared to the untreated control, with the weekly spray significantly lower 
than the late spray at the Almyra2 location. 
Clayton et al. (2018) found higher RSB damage for 68 RSB per 10 sweeps density 
than 0, 17, and 34 RSBs per 10 sweeps. Clayton et al. (2016) found higher damage in 
plots infested with 3, 10, and 17 RSB per 10 sweeps than plots infested with 0 or 1.5 
RSB per 10 sweeps. Espino et al. (2007) also found an increase in damage at soft dough 
in two experiments at a 2.5 times greater density than Clayton et al. (2018).
Milling Quality
Head Rice (Whole Kernels). No differences were observed for percent head 
rice between the untreated control, weekly, or late sprays (56%, 57%, and 57% head 
rice, respectively). This was also observed by Clayton et al. (2017) and Clayton et al. 
(2018), where there were no differences in milling yields across rice stink bug density 
or infestation timing.
Total Rice (Whole Kernels plus Broken Kernels). Differences were observed 
among treatments for percent total rice (Table 3). At the Almyra1, Almyra2, Conway, 
and Harrisburg locations, the weekly sprays and late sprays yielded higher total rice 
than the untreated control, but were not different from one another. Only at the Stutt-
gart1 location, was the late spray significantly higher than the untreated check, but not 
the weekly spray. Clayton et al. (2018) found no differences between RSB density (0, 
17, 34, or 68 RSB per 10 sweeps) or spray timing for percent total rice (bloom/milk 
or soft/hard dough).
Studies evaluating RSB damage potential have been conducted since the 1960s. 
In general, findings are not consistent with multiple studies observing yield loss and 
high percentages of damage from RSB infestation and others observing little to no 
damage from RSB. This is likely due to outside factors including weather and disease 
occurrence. Further research is needed to evaluate these factors to determine the dam-
age potential of RSB.
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Significance of Findings
The rice stink bug is an economically important pest of rice. Approximately 10 
million dollars annually are spent on insecticide applications targeting rice stink bug in 
Arkansas. Current ongoing studies suggest that the Threshold for RSB for the second 
two weeks of heading is correct but more work needs to be conducted to evaluate the 
threshold for the first two weeks of heading. It is important that growers are provided 
with a threshold for control of this pest to avoid yield and quality losses, but it is equally 
important to avoid making unnecessary applications for control to maximize profit for 
rice growers.
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Table 1. Mean rice stink bug densities per 10 sweeps for the untreated 
control at early and late heading stages of rice. 
 Heading stage  
Location Flowering/Milk Soft dough/Hard dough Seasonal average 
Almyra1 7.4 9 7 
Almyra2 20 15 14 
Conway 16 7 12 
Harrisburg 2 9 5 
Stuttgart1 7 25 7 
Stuttgart2 21 9 18 
Stuttgart3 8 7 9 
 
Table 2. Percent rice stink bug peck for multiple locations 
throughout Arkansas and application timing. 
 Spray timing 
rice stink bug peck (SEM)† 
 
Location UTC‡ Weekly Late P-value 
Almyra1 2.1(0.3) a§ 1.0(0.1) b 1.4(0.2) b 0.01 
Almyra2 2.9(0.2) a 1.2(0.1) c 2.1(0.1) b <0.01 
Conway 5.3(0.3) a 1.3(0.3) b 1.9(0.2) b <0.01 
Harrisburg 3.1(0.5) a 1.5(0.3) b 1.8(0.3) b 0.02 
Stuttgart1 3.2(0.2) a 1.9(0.1) b 1.9(0.2) ab 0.07 
Stuttgart2 3.6(0.4) a 2.3(0.2) b 2.4(0.3) b 0.04 
Stuttgart3 0.1(0.1) a 0.3(0.1) a 0.3(0.1) a 0.37 
† SEM = standard error of the mean. 
‡ UTC = untreated check.  
§ Means followed by the same letter are not significantly different 
  according to Fisher’s protected least significant difference at α = 0.1. 
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Table 3. Percent total rice by location. 
 Spray timing 
percent total rice(SEM)† 
 
Location UTC‡ Weekly Late P-value 
Almyra1 67.4(0.7) b§ 70.1(0.4) a 68.1(1.0) ab 0.06 
Almyra2 69.8(0.1) b 70.6(0.3) a 70.3(0.3) ab 0.07 
Conway 68.8(0.3) b 70.9(0.4) a 70.9(0.2) a <0.01 
Harrisburg 68.5(0.2) b 70.0(0.2) a 69.8(0.2) a <0.01 
Stuttgart1 71.8(0.1) b 72.4(0.2) ab 72.5(0.3) a 0.06 
Stuttgart2 70.3(0.3) a 70.1(0.2) a 70.0(0.2) a 0.77 
Stuttgart3 70.4(0.2) a 69.8(0.2) b 70.1(0.1) ab 0.02 
† SEM = standard error of the mean. 
‡ UTC = untreated check.  
§ Means followed by the same letter are not significantly different 
  according to Fisher’s protected least significant difference at α = 0.1. 
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PEST MANAGEMENT: INSECTS
Evaluation of Insecticide Seed Treatment Options 
for Controlling Rice Billbug in Row Rice
S.G. Felts1, N.R. Bateman1, G.M. Lorenz2, B.C. Thrash2, J.T. Hardke3, A.J. Cato4, 
T.L. Clayton1, N.M. Taillon2, J.K. McPherson2, W.A. Plummer2, 
L.D. McCullars4, and W.J. Plummer4
Abstract
Rice billbug has increased in pest status in the row rice system and very little is known 
regarding the impact it is having in this relatively new cropping system. Studies were 
conducted to compare insecticide seed treatment (IST) options for efficacy of rice bill-
bug, Sphenophorus pertinx ludoviciana (Chittenden), in row rice. Blank panicles were 
evaluated, over 50 ft2 per plot, on 3 dates to determine billbug damage. No differences 
were observed for blank head ratings for any of the rating dates. However, when com-
paring yield data, all of the IST combinations yielded higher than the untreated check 
(UTC), CruiserMaxx Rice, and NipsIt Suite. 
Introduction
The rice billbug, Sphenophorus pertinx ludoviciana (Chittenden), has been docu-
mented as an occasional pest in rice production, but typically causes minor damage and 
is only observed on levees in traditional flooded rice production. The adult billbug is a 
large black weevil, 3/4 to 1 inch in length, with a pronounced snout. Larvae are legless, 
c-shaped grubs with white/cream colored bodies and a brown head (Hodgson, 2007). 
In the spring, the female deposits a single egg in or near the base of the rice plant; the 
larvae begin to feed on the inner tissues of the growing rice stalk near the soil line. This 
larval feeding can gradually cause the plant to die. One of the main symptoms of this 
feeding is a totally blank panicle or “whitehead” (Lorenz et al., 2018). In traditional 
levee irrigated systems, this damage is confined to plants growing on levees and other 
portions of fields that are not flooded because the billbug cannot survive in standing 
1 Program Associate, Assistant Professor/Crop Entomologist, and Program Associate, respectively, 
Department of Entomology, Stuttgart.
2 Extension Entomologist, Assistant Professor/Crop Entomologist, Program Associate, Program 
Associate, and Program Associate, respectively, Department of Entomology, Lonoke.
3 Rice Extension Agronomist and Program Technician, respectively, Department of Crop, Soil, and 
Environmental Sciences, Stuttgart.
4 Post-Doctoral Research Assistant and Graduate Assistant, respectively, Department of Entomology, 
Fayetteville.
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water (Smith, 1986). However, with increasing furrow-irrigated rice (row rice) acres 
across the state, the billbug is becoming more of an economic concern for Arkansas 
producers. In row rice production, fields are periodically watered down the row or 
furrow. Unlike conventional levee rice, only a small portion of the field, if any, is ever 
exposed to flooded conditions, leaving the majority of the field susceptible to rice billbug.
Procedures
Experiments were conducted in Jackson County near Newport, Arkansas on a 
grower’s field. The cultivar RT 7311 CL was drill seeded 5 April 2018 and cultural 
practices for maximum yield were followed. Plots were 8 rows on 7.5-inch drill spac-
ing and 16.5 feet in length. These plots were planted in a randomized complete block 
design with 4 reps. Twelve treatments were used: Untreated check (UTC), Dermacor 5 
oz/cwt, CruiserMaxx 7 oz/cwt, Prevathon 14 oz/acre, NipsIt Suite 2.9 oz/cwt, Cruiser-
Maxx 7 oz/cwt + Prevathon 14 oz/acre, CruiserMaxx 7 oz/cwt + Dermacor 5 oz/cwt, 
CruiserMaxx 7 oz/cwt + Fortenza 4 oz/cwt, NipsIt Suite 2.9 oz/cwt + Fortenza 4 oz/
cwt, NipsIt Suite 2.9 oz/cwt + Dermacor 5 oz/cwt, NipsIt Suite 2.9 oz/cwt + Prevathon 
14 oz/acre, and NipsIt Suite 2.9 oz/cwt + CruiserMaxx 7 oz/cwt. 
Once heading occurred, the center 50 ft2 of each plot was evaluated for rice billbug 
damage. The number of blank heads in each plot were counted and recorded on 1, 16 
and 29 August 2018. The center 5 rows of each plot were harvested on 4 September 
2018 using a plot combine and the harvested grain from each plot was stored in a cloth 
bag. Weights and moistures from each sample were taken to establish yield data. All 
data was analyzed in PROC GLIMMIX, SAS v. 9.4 (SAS Institute, Inc., Cary, N.C.) 
with an analysis of variance (α = 0.05).
Results and Discussion
A large amount of variation in the number of blank heads per plot was observed 
across all three rating dates in this study, with no significant differences being observed 
at any sample date (Table 1). A general trend was observed that treatment combinations 
of either CruiserMaxx or NipsIt Suite with Fortenza, Dermacor, or Prevathon had higher 
yields than single seed treatments (Table 1). NipsIt Suite, CruiserMaxx and the Fungi-
cide only treatments yielded lower than all insecticide seed treatment combinations or 
combinations with Prevathon, except CruiserMaxx + Prevathon (Table 1).
Significance of Findings
This study shows that rice billbug has the potential to become a major pest in a 
furrow-irrigated rice system. A 25–35 bushel/acre decrease in yield was observed when 
combinations of insecticide seed treatments or combinations with a foliar Prevathon 
application were made. Currently, little information is known regarding rice billbug, 
but insecticide seed treatment combinations seem promising. Other work will be con-
ducted to determine the scouting regime and the foliar application timings of insecticide 
required to properly manage rice billbug in row rice.
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Table 1. Blank head ratings and yield in bushels/acre for each rice 
billbug insecticide seed treatment used in the study conducted in 
Jackson County Arkansas during 2018. 
 Blank head rating (SEM†) 
Yield (SEM) Treatment 8/1 8/16 8/29 
Fungicide Only 12 (3) 35 (8) 33 (3) 180 (5) e‡ 
CruiserMaxx 12 (5) 39 (5) 41 (8) 180 (3) e 
NipsIt Suite 19 (8) 37 (5) 30 (8) 177 (5) e 
Dermacor 13 (5) 48 (10) 40 (7) 184 (4) de 
Prevathon 14 oz/a 13 (6) 38 (6) 38 (5) 185 (13) de 
CruiserMaxx + Dermacor 12 (5) 45 (8) 40 (11) 205 (7) ab 
CruiserMaxx + Fortenza 20 (3) 42 (19) 43 (4) 217 (5) a 
CruiserMaxx + Prevathon 15 (4) 47 (11) 35 (7) 189 (5) cde 
NipsIt Suite + Dermacor 12 (3) 39 (8) 30 (4) 199 (3) bcd 
NipsIt Suite + Fortenza 15 (5) 46 (10) 25 (4) 206 (7) ab 
NipsIt Suite + Prevathon 12 (5) 37 (10) 32 (5) 202 (5) abc 
NipsIt Suite + CruiserMaxx 9 (3) 35 (6) 28 (4) 199 (5) bcd 
P-value 0.91 0.99 0.64 <0.01 
† SEM = standard error of the mean. 
‡ Means followed by the same letter are not significantly different according 
  to Fisher’s protected least significant difference at α = 0.1. 
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The Impact of Defoliation on Yield and Growth in Rice
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J.T. Hardke4, T.L. Clayton3, N.M. Taillon2, W.A. Plummer2, 
J.K. McPherson2,  and S.G. Felts3
Abstract
Fall armyworm (FAW), Spodoptera frugiperda (J.E. Smith), is becoming an increas-
ingly frequent pest of rice grown in the mid-southern United States. The current action 
threshold for fall armyworm in Arkansas is based on the number of larvae per square 
foot, which is often difficult to determine in rice due to thick stands, large plants, and 
flooded conditions. A new action threshold based on level of defoliation would help 
growers and consultants with determining the amount of damage present in the field 
versus larval counts per square foot. The objective of this study was to evaluate the 
impact of damage caused by the FAW at different growth stages of rice using both 
live infestation studies and mechanical defoliation. In greenhouse studies, larvae were 
infested on rice plants grown in the greenhouse at the 2- to 3-leaf, second-third tiller, 
and heading growth stages. Greenhouse research also included rice that was mechani-
cally defoliated to simulate feeding of FAW by defoliating 25%, 50%, and 100% at 
the same growth stages. Rice plants in field plots were mechanically defoliated at 0%, 
33%, 66%, and 100% with a weed eater at the 2- to 3-leaf, early tiller, late tiller, and 
panicle internode elongation (PIE) growth stages. Yield was impacted at the 2- to 3-leaf 
growth stage when defoliated 100% in the larval infestations. When 2- to 3-leaf rice 
was mechanically defoliated in the greenhouse to 100%, a yield reduction was observed 
compared to the untreated control. Yield loss was also observed from mechanical de-
foliation in the field trial at the late tiller growth stage when defoliation reached 66%, 
and 100%, and again at the PIE stage when defoliation reached 33%, 66%, and 100% 
in the field. These studies will be helpful in developing a defoliation threshold for fall 
armyworm in rice. 
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Introduction
Arkansas leads the U.S. in production of rice, a very important grain crop 
worldwide. Over the past few years the fall armyworm (FAW), Spodoptera frugiperda 
(J.E. Smith), has become more prevalent in rice, and can be found at high densities 
throughout the entire growing season. Although much is known about FAW in other 
crops including corn, grain sorghum, and soybeans, little research has been done to 
determine the impact of defoliation from this pest in rice. Bowling (1978) observed 
reductions in rice yields when defoliated at the seedling and tillering growth stages, 
which differed between planting dates and cultivars. In the seedling growth stage when 
25% was mechanically defoliated, a 3% yield loss was observed;  when 50% defoliated, 
a 8% yield loss occurred. In the tillering growth stage, 25% defoliation resulted in a 
5% yield loss and a 12% yield loss occurred when defoliated 50%. When defoliated in 
the early vegetative growth stages, rice plants recovered rapidly (Bowling, 1978). The 
current economic threshold for FAW in rice is six or more armyworms per square foot 
prior to heading; and after flag leaf emergence, treat when fall armyworms are present 
and damaging the flag leaf (Lorenz et al., 2019); however, more information is needed 
to confirm or change this recommendation.
Procedures
Greenhouse Studies
Defoliation studies were conducted using larval infestations and simulated FAW 
damage through mechanical defoliation. Fall armyworms were reared in the lab at the 
University of Arkansas System Division of Agriculture's Lonoke Extension Center in 
Lonoke, Arkansas. A conventional rice variety, Diamond, was planted in 6-inch pots 
at 10 seeds per pot and thinned to 5 plants per pot after germination for greenhouse 
experiments. The two factors used in this study were percent defoliation and growth 
stage timing. Defoliation percentages used were 0%, 25%, 50%, and 100%, at the 2- to 
3-leaf, tiller, and heading growth stages. Neonates were placed on the rice plant at each 
timing for the larval infestations and terminated by manually removing the larvae once 
the appropriate defoliation level was achieved. Mechanical defoliation was conducted 
using scissors to simulate defoliation at the appropriate defoliation level and timing. 
Defoliation percentage was based on a whole plant basis in the 2- to 3-leaf and tiller 
timings; whereas in the heading growth stage, only the flag leaf was defoliated. Mea-
surements were not taken to determine how much of the plant to defoliate, but were 
based on observing each plant to determine what 25%, 50%, and 100% of each plant 
was. Each replication was defoliated by the same person to ensure accuracy across each 
replication. Pots were maintained using recommended agronomic practices (Hardke, 
2019). Once rice plants reached the tiller growth stage, the pots were placed in tubs and 
flooded, and remained flooded until harvest. Rice heads and all seed were then removed 
to determine yield. Four replications were completed for both the larval infestations and 
the manual defoliation using a full factorial randomized complete block design. Data 
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was analyzed with an analysis of variance (ANOVA) using PROC GLIMMIX, SAS 
v. 9.4 (SAS Institute, Inc., Cary, N.C.) and least significant difference (LSD) post hoc 
analysis with an alpha level of 0.05.
Field Studies
Field plots were located at the University of Arkansas System Division of Agri-
culture’s Pine Tree Research station in Colt, Arkansas and the RiceTec research station 
in Harrisburg, Arkansas. Rice was drill-seeded with a conventional cultivar, Diamond, 
at Colt, and a Hybrid cultivar, RT 7311 CL, in Harrisburg. The cultivar RT 7311 CL 
was planted 20 April 2018, and Diamond was planted 2 May 2018. Plot sizes were 8 
rows on 7.5- inch spacing by 15 feet long. After emergence, rice was removed for a 
final plot size of 5 feet by 10 feet in Harrisburg and 5 feet by 8 feet in Colt. The two 
factors that were used in this study were percent defoliation and defoliation timing. 
Defoliation levels were 0%, 33%, 66%, and 100%, with the defoliation timings being 
2- to 3-leaf, early tiller, late tiller, and panicle internode elongation (PIE). A randomized 
complete block design with a full factorial arrangement of treatments with 8 replica-
tions were used at both locations. A battery powered weed eater was used to defoliate 
each plot at the appropriate defoliation level and timing. Measurements were not taken 
to determine how much of the plant to defoliate, but were based on observing each 
plot to determine what 33%, 66%, and 100% of each plot was. Each replication was 
defoliated by the same person to ensure consistency across each replication. For 100% 
defoliation treatments, rice was defoliated to the soil line preflood and defoliated to the 
water line post flood. Plots were maintained using recommended agronomic practices 
until harvest (Hardke, 2019). The entire plot was then harvested using a plot combine, 
and yield was calculated based on the weight and grain moisture for each plot. Data 
was analyzed with an ANOVA using PROC GLIMMIX, SAS v. 9.4, and LSD post hoc 
analysis with an alpha level of 0.05.
Results and Discussion
Greenhouse Studies
Larval Infestations. Differences were observed at the 100% defoliation level by 
FAW larvae at the 2- to 3-leaf growth stage with a yield reduction of 40% observed. The 
highest level of defoliation by larvae in the tiller growth stage was 25% and no differ-
ences were observed. At the heading growth stage, only 3% defoliation was achieved 
because most larvae were found feeding on the rice head. Although blanked kernels 
were observed from feeding there were no yield reductions associated with feeding 
compared to the untreated check (Table 1). 
Manual Defoliation.  A yield reduction of 46% was observed in plots with 100% 
defoliation at the 2- to 3-leaf growth stage. This yield reduction is 6% higher than the 
larval infestations at this timing. At the tiller growth stage, we observed yield reductions 
of 26% at 50% defoliation, and 58% at 100% defoliation. The heading growth stage had 
no differences across all defoliation levels compared to the untreated check (Table 1). 
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Bowling (1978) noticed a yield reduction for the seedling growth stage at 25% 
and 50% defoliation. We observed no differences in yield until 100% defoliation at the 
2- to 3-leaf growth stage. He also concluded that when defoliation at the tiller growth 
stage reached 25%, there was a reduction of 5%, and 12% at 50% defoliation. We 
observed no differences at 25% defoliation, but saw higher reductions in yield at 50% 
defoliation compared to Bowling’s study.
Field Studies
Harrisburg. No differences in yield were observed at the 2- to 3-leaf growth stage 
compared to the untreated check. At 100% defoliation, a yield reduction of 13% occurred 
at the early tiller growth stage and 22% reduction in the late tiller growth stage. We 
also observed a 14% yield reduction at 66% defoliation and a 37% reduction at 100% 
defoliation in the PIE growth stage when compared to the untreated check (Table 2).  
Colt. No differences were observed between defoliation levels at the 2- to 3-leaf 
or the early tiller growth stages (Table 2). At the late tiller and PIE growth stages, all 
defoliation percentages decreased yield compared to the untreated control, with 100% 
defoliation yielding less than all other defoliation levels. At the late tiller growth stage, 
a yield reduction of 16% was observed at 33% defoliation, a 20% reduction at 66% 
defoliation, and 60% reduction at 100% defoliation. At the PIE growth stage, yield 
reductions of 22%, 28% and 69% were observed at the 33%, 66%, and 100% levels of 
defoliation, respectively (Table 2). 
Rice et al. (1982) concluded that there were differences in yield when comparing 
mechanical defoliation with larval feeding 3–4 weeks before heading. The defoliation 
timings in this study are similar to the late tiller and PIE timings in our study. Rice et 
al. (1982) concluded that cultivar Calrose 76 had no differences at 25% defoliation 
compared to the untreated check. At 50% defoliation, there was a yield reduction of 
44%, and 65% reduction at 100% defoliation. Comparing this to the Harrisburg loca-
tion, there was a reduction of 22% at 100% defoliation at the late tiller growth stage. 
The PIE growth stage had a yield reduction of 14% at 66%, and 37% yield reduction 
at 100% defoliation. The Harrisburg location overall showed lower yield reductions 
for both growth stages compared to those observed by Rice et al. (1982). At Colt, the 
late tiller growth stage had yield reductions across all defoliation levels ranging from 
16–60%. The PIE growth stage had reductions in yield across all defoliation levels as 
well, ranging from 22–69%. The Colt location yielded higher for both growth stages at 
66% defoliation compared to those found by Rice et al. (1982). The late tiller growth 
stage yielded 5% higher, and 4% lower in the PIE growth stage defoliated 100%.
Significance of Findings
Fall armyworm has become more prevalent in Arkansas rice fields over the last 
few years and it is currently unclear when economic damage is occurring from defo-
liation. This study suggests defoliation from FAW has the potential to impact yield 
throughout multiple growth stages. Other factors such as planting date or cultivar need 
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to be studied to determine if they effect FAW defoliation in rice. Further studies will 
lead to a defoliation-based threshold to determine when foliar applications are necessary 
to maintain yield potential for the rice growers of Arkansas. 
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Table 1. Comparison of yield in greenhouse studies with larval 
infestations of fall armyworm and mechanical defoliation at three 
different growth stages of rice. 
Growth stage Defoliation level Larval infestations Mechanical defoliation 
 % grams (SEM†) grams (SEM†) 
2- to 3-leaf 
0 43 (1.37) a‡ 41 (4.2) a 
25 39 (2.1) a 38 (2.6) ab 
50 42 (1.1) a 39 (7.2) ab 
100 26 (3.6) b 22 (3.0) b 
Tiller 
0 44 (3.2) a 38 (1.6) a 
25 37 (1.8) a 36 (2.7) a 
50 . 28 (2.4) b 
100 . 16 (1.0) c 
Heading 
0 40 (5.5) a 42 (2.5) a 
25 36 (1.0) a 40 (2.0) a 
50 36 (2.7) a 33 (1.8) a 
100 36 (1.0) a 38 (3.1) a 
† SEM = standard error of the mean. 
‡ Yields followed by a different letter are significantly different according to Fisher’s 
  protected least significant difference post hoc analysis at α = 0.05. 
 
 
Table 2. Comparison of rice yields mechanically defoliated with a 
weed eater at multiple percentages and growth stages for two 
location in Arkansas. 
  Location 
Growth stage Defoliation level Harrisburg Colt 
 % bu./ac (SEM†) bu./ac (SEM†) 
2- to 3-leaf 
0 197 (9.8) ab‡ 149 (4.5) a 
33 228 (6.0) a 146 (6.0) a 
66 220 (3.4) ab 145 (5.6) a 
100 197 (6.6) b 129 (12.8) a 
Early tiller 
0 225 (6.5) a 150 (5.9) a 
33 224 (4.7) a 151 (9.4) a 
66 222 (3.3) a 143 (3.3) a 
100 196 (5.1) b 137 (5.0) a 
Late tiller 
0 221 (4.0) a 158 (4.0) a 
33 220 (4.8) a 132 (6.5) b 
66 221 (3.8) a 126 (4.5) b 
100 172 (4.7) b 68 (4.0) c 
Panicle internode 
  elongation 
0 228 (5.6) a 148 (4.6) a 
33 227 (4.2) a 115 (4.8) b 
66 197 (6.9) b 106 (5.0) b 
100 144 (3.3) c 46 (5.7) c 
† SEM = standard error of the mean. 
‡ Yields followed by a different letter are significantly different according 
  to Fisher’s protected least significant difference post hoc analysis 
  at α = 0.05. 
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Evaluation of Insecticide Seed Treatment 
Combinations for Control of Rice Water Weevil, 
Lissorhoptrus oryzophilus, in Arkansas
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Abstract
A combination of a neonicotinoid seed treatment and a diamide seed treatment may 
provide better control of the seedling pest complex compared to these products alone, 
and may enhance overall rice water weevil (RWW) control. The purpose of these trials 
was to evaluate insecticide seed treatment rates and combinations to determine efficacy 
for rice water weevils. These results indicated combinations of diamide and neonicoti-
noid insecticide seed treatments have the potential to reduce RRW density and increase 
yield in conventional and hybrid rice varieties.
Introduction
Currently, insecticide seed treatments (ISTs) are used on 70–80% of rice acreage 
in Arkansas for control of rice water weevil (RWW), grape colaspsis (GC) and other 
pests. Insecticide seed treatments are convenient and provide a more reliable option 
for RWW control when compared to foliar applications (Taillon et al., 2013). Previous 
studies have shown that ISTs improve stand counts and increase yields 80% of the time 
(Taillon et al., 2015). 
In recent years due to early planting and cool, wet weather, growers have experi-
enced a delayed permanent flood. Neonicotinoid seed treatments such as thiamethoxam 
(Cruiser) and clothianidin (NipsIt) are very effective for early season control of GC, 
while diamides such as rynaxapyr (Dermacor) and cyantraniliprole are not. However, 
past studies indicate the residual control for neonicotinoids is only about 28–35 days. 
Diamides are very effective for control of RWW and have a residual of at least 60–70 
days (Taillon et al., 2017). This would indicate that a combination of a neonicotinoid 
and a diamide might provide better control of the seedling pest complex compared to 
these products alone and may provide enhanced control of RWW.  The objective of this 
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study was to evaluate combinations of ISTs for control of RRW in conventional and 
hybrid rice, and to determine if combinations of ISTs would provide increased control 
of RWW and value for growers in Arkansas.
Procedures
Four trials were conducted at the University of Arkansas System Division of 
Agriculture’s Pine Tree Research Station (PTRS). Experimental plot design for trial 1 
and 2 was a randomized complete block with 6 replications. Clearfield conventional 
rice cultivars were used; CL111 (Trial 1) and CL151 (Trial 2). Treatments included: 
Fungicide Only (untreated control, UTC), CrusierMaxx® Rice (thiamethoxam) 0.034 
mg-ai/seed, NipsIt INSIDE® (clothianidin) 2.09 fl oz/cwt, Dermacor® (chlorantranilip-
role) 2.5 fl oz/cwt, Experimental A (ExpA) 0.03 mg-ai/seed, and Experimental B (ExpB) 
0.043 mg-ai/seed. Experimental plot design for Trial 3 was a randomized complete 
block with 4 replications and planted with a hybrid cultivar, RT 7311 CL. Treatments 
included: Fungicide Only (UTC), CruiserMaxx® Rice (thiamethoxam) 7 oz/cwt, Nip-
sIt® SUITE (clothianidin) 2.09 oz/cwt, Dermacor® (chlorantraniliprole) 5 oz/cwt, and 
Cyantraniliprole 4 oz/cwt. The experimental plot design for trial 4 was a randomized 
complete block with 4 replications planted with RiceTec 7311 CL. Treatments included: 
Fungicide Only (UTC), CruiserMaxx® Rice (thiamethoxam) 7 and 14 oz/cwt, NipsIt® 
SUITE (clothianidin) 2.09 and 4.18 oz/cwt, and Dermacor® (chlorantraniliprole) 2.5 
and 5 oz/cwt.
The RWW larvae were evaluated by taking 3 core samples per plot with a 4-inch 
core sampler 21 days after flood was established. Samples were transported and evalu-
ated at the University of Arkansas System Division of Agriculture's Lonoke Extension 
Center, Lonoke, Arkansas. Each core was washed into a 40-mesh sieve with water to 
loosen soil and remove larvae from the roots. The sieve was immersed in a warm satu-
rated saltwater solution which caused the larvae to float for counting. Yield samples 
were collected and adjusted to 12% moisture. The data was processed using Agriculture 
Research Manager 2018.3 (Gylling Data Management, Inc., Brookings, S.D.) with 
Duncan’s New Multiple Range Test (P = 0.10) to separate means. Means followed by 
same letter do not significantly differ (P = 0.10, DNMRT).
Results and Discussion
Trial 1
Cruiser and Experimental B provided less control of RWW compared to all 
other seed treatments and NipsIt showed less control compared to the combination of 
Experimental A and B (Table 1). CruiserMaxx + ExpA, ExpA + ExpB, and Dermacor 
had higher yields compared to the UTC for the cultivar CL111.
Trial 2
Trial 2 was similar to Trial 1, utilziing the cultivar CL151. The UTC had more 
RWW compared to all other treatments; CrusierMaxx and ExpB provided less control 
compared to all other seed treatments (Table 1). 
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Trial 3
NipsIt Suite, NipsIt Suite + CruiserMaxx, and NipsIt Suite + Cyantraniliprole 
reduced RWW compared to CruiserMaxx alone (Table 2) in the hybrid cultivar Rice-
Tec 7311 CL. No other differences in RWW numbers were observed. CruiserMaxx + 
Dermacor, NipsIt Suite + Dermacor, CruiserMaxx + Cyantraniliprole, and NipsIt Suite 
+ Cyantraniliprole were similar in yield and greater than the UTC.
Trial 4
All treatments decreased RWW except CruiserMaxx (Table 3) in the hybrid Ri-
ceTec 7311 CL. CruiserMaxx, CruiserMaxx + Dermacor, and NipsIt Suite + Dermacor 
had higher yields than the UTC and NipsIt Suite. No other differences were observed.
Summary
In trials 1 and 2, the treatments performed similarly for RWW control and yield. 
Dermacor and ExpA + ExpB increased yield in CL111. In both trials when ExpA was 
added to CruiserMaxx and ExpB, RWW control increased 75–80%. In trial 3, IST 
combinations increased yield by 15 bushels/acre. Results from trial 4 showed that in-
creased rates of CrusierMaxx and NipsIt Suite didn’t differ in control or yield compared 
to the recommended rate (CruiserMaxx 7 oz, NipsIt Suite 2.09 oz). When Dermacor 
5 oz is combined with CruiserMaxx 7 oz or NipsIt Suite 2.09 oz, yield improves by 
15–20 bushels/acre. All trials showed NipsIt lowered RWW populations compared to 
CruiserMaxx, but the increased control did not translate into higher yields.
These studies are similar to previous trials and continue to show the value of seed 
treatments for control of RWW.
Significance of Findings
These trials went through an extended growing season. The RWW cores were 
sampled around 70 days after planting. Diamides such as Dermacor and Cyantraniliprole 
were shown to have greater residual control than the neonicotinoids, CruiserMaxx and 
NipsIt. Combinations of ISTs have the potential to reduce RWW pressure and increase 
yield in conventional and hybrid rice varieties. Due to these findings, further studies 
will be conducted to evaluate the added benefit of IST combinations.
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Table 1. Insecticide seed treatment combinations for control of rice 
water weevil (RWW) in Clearfield conventional rice. Sampled 68 
days after planting (Trials 1 and 2). 
 CL111 CL151 
Treatments 
RWW/ 
3 cores Yield 
RWW/ 
3 cores Yield 
UTC† 20.22 a‡ 166.41 b 14.39 a 183.20 ab 
CruiserMaxx rice 9.56 b 172.72 ab 7.28 b 185.01 ab 
CruiserMaxx rice 
  + Experimental A 1.94 cd 175.82 a 1.50 c 190.39 a 
Experimental B 10.50 b 172.98 ab 6.89 b 180.05 b 
Experimental A 
  + Experimental B 0.89 d 178.70 a 1.78 c 187.26 ab 
Dermacor 1.89 cd 178.11 a 2.11 c 186.25 ab 
NipsIt INSIDE 4.44 c 173.36 ab 3.13 c 185.88 ab 
† UTC = untreated control. 
‡ Means followed by the same lowercase letter in a column do not 
  significantly differ, least significant difference P = 0.10. 
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Table 2. Insecticide seed treatment combinations for control of 
rice water weevil (RWW) in hybrid rice–RT 7311. Sampled 70 
days after planting (Trial 3). 
Treatments RWW/3 cores Yield 
UTC† 10.21 ab‡ 197.17 c 
CruiserMaxx 14.92 a 210.88 abc 
NipsIt Suite 6.83 b 207.68 abc 
CruiserMaxx + 
 Dermacor 11.17 ab 218.53 a 
NipsIt Suite 
  + Dermacor 11.75 ab 212.39 ab 
NipsIt Suite 
  + CruiserMaxx 8.75 b 214.26 a 
CruiserMaxx 
  + Cyantraniliprole 12.33 ab 213.24 a 
NipsIt Suite 
  + Cyantraniliprole 7.00 b 215.19 a 
Dermacor 11.42 ab 199.15 bc 
† UTC = untreated control. 
‡ Means followed by the same lowercase letter in a column do not 
  significantly differ, least significant difference P = 0.10. 
 
Table 3. Insecticide seed treatment combinations for control of 
rice water weevil (RWW) in hybrid rice–RT 7311. Sampled 71 
days after planting (Trial 4). 
Treatments RWW/3 cores Yield 
UTC† 16.50 a‡ 220.19 d 
CruiserMaxx 7 oz 11.92 ab 229.10 bcd 
CruiserMaxx 14 oz 7.33 b 236.63 abc 
NipsIt Suite 2.09 oz 7.83 b 219.48 d 
NipsIt Suite 4.18 oz 7.33 b 229.30 bcd 
Dermacor 5 oz 8.00 b 224.87 cd 
CruiserMaxx 7 oz 
  + Dermacor 5 oz 7.00 b 244.17 a 
CruiserMaxx 7 oz 
  + Dermacor 2.5 oz 8.08 b 232.11 a–d 
NipsIt Suite 2.09 oz 
  + Dermacor 5 oz 10.08 b 238.37 ab 
NipsIt Suite 2.09 oz 
  + Dermacor 2.5 oz 8.58 b 230.91 bcd 
† UTC = untreated control. 
‡ Means followed by the same lowercase letter in a column do not 
  significantly differ, least significant difference P = 0.10. 
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PEST MANAGEMENT: INSECTS
Efficacy of Foliar Insecticide Timings for 
Control of Rice Stink Bug
W.A. Plummer1, G.M. Lorenz1, N.R. Bateman2, B.C. Thrash1, N.M. Taillon1, 
T.L. Clayton2, K. McPherson1, A.J. Cato3, S.G. Felts2, and L.D. McCullars3
Abstract
Rice stink bug is the most important pest of heading rice in Arkansas. A test was 
conducted on a grower field in Almyra, Arkansas to evaluate foliar timings on differ-
ent growth stages of heading rice for controlling rice stink bug. No differences were 
observed for early boot, late boot and the untreated control except for the 23 August 
sample date. All percent heading timings had adequate control of rice stink bug in the 
last three sample dates.
Introduction
Rice stink bug is a common and important pest in Arkansas rice. In the spring, 
rice stink bug feed and reproduce on a wide range of weedy grasses (Lorenz et al., 
2018). This enables the rice stink bug to reproduce and increase in numbers before 
cultivated host plants are available. Rice stink bugs normally do not occur in rice fields 
until heading has begun, but may occur earlier if heading wild grasses are present in 
or around field edges. Stink bug feeding on developing seeds causes several different 
types of damage to rice (Espino et al., 2007). Early feeding causes heads to blank or 
abort resulting in yield reduction. Later feeding during the milk-to-soft dough stage can 
cause kernel shrinkage or discoloration known as “pecky rice” which also results in a 
yield reduction and deductions in quality or grade (Johnson, et al., 2002). 
Procedures 
Experiments were conducted on a grower’s field in Almyra, Arkansas. Foliar ap-
plications of Lambda-Cy 3.6 fl oz/acre were applied at 5 different timings: Early Boot 
(6 August), Late Boot (10 August), 10% Headed (13 August), 40% Headed (16 August), 
and 75% Headed (21 August). Plots were sampled 9, 13, 16, 21, 23, and 27 August. Ap-
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plications were made with a hand boom fitted with TX6 hollow cone nozzles at 19-inch 
nozzle spacing, spray volume was 10 gal/acre, at 40 psi. Plot size was 10 ft × 20 ft in a 
randomized complete block design with four replications. Insect density was determined 
by taking 10 sweeps per plot with a standard sweep net (15 in. diameter). Data were 
processed using Agriculture Research Manager v. 2018.3 (Gylling Data Management, 
Inc., Brookings, S.D.), analysis of variance, and Duncan’s New Multiple Range Test.
Results and Discussion
At the first two sample dates, 9 and 13 August, rice stink bug (RSB) populations 
were too low and no differences were observed. On 16 August the 10% headed was the 
only treatment to reduce RSB numbers below the untreated control (UTC) (Fig. 1). On 
the fourth sample date, 21 August, all treatments reduced RSB numbers below the UTC, 
only early boot and late boot were not significantly different than the UTC. The 10% 
and 40% headed had the lowest numbers but did not differ from 75% headed (Fig. 2). 
On 23 August, all timings except for early and late boot had significantly fewer RSB 
than the UTC (Fig. 3). All heading timings had less RSB than the boot timings. On 27 
August, all of the heading timings (10% headed, 40% headed, and 75% headed) were 
the only treatments that reduced RSB populations significantly below the UTC (Fig. 4).
Significance of Findings
In this experiment, spraying at early and late boot did not provide adequate control 
of RSB. At the 21, 23, and 27 August sample dates, all heading timings were the only 
treatments still providing satisfactory control.  
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Fig. 1. Rice stink bug densities on 16 August for a foliar insecticide timing study. 
Fig. 2. Rice stink bug densities on 21 August for a foliar insecticide timing study. 
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Fig. 4. Rice stink bug densities on 27 August for a foliar insecticide timing study. 
Fig. 3. Rice stink bug densities on 23 August for a foliar insecticide timing study. 
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PEST MANAGEMENT: INSECTS
Efficacy of Selected Insecticides for Control of Rice Water Weevils
N.M. Taillon1, G.M. Lorenz III1, W.A. Plummer1, J.K. McPherson1, B.C. Thrash1, 
A.J. Cato1, N.R. Bateman2, T.L. Clayton2, G. Felts2, and L.D. McCullars3
Abstract
While the use of insecticide seed treatments for control of rice water weevil (RWW), 
Lissorhoptrus oryzophilus, is a reliable option for growers, occasionally foliar applica-
tions may be necessary for supplemental control of rice water weevil in cases where an 
insecticide seed treatment (IST) was not used or because of delayed flood resulting in 
a loss of effectiveness of IST. The objective of this trial was to evaluate the efficacy of 
selected foliar insecticides for control of RWW.  Studies indicated that new formula-
tions may provide equal or better control when compared to the current standards and 
differences were observed between pre-flood and post flood applications.
Introduction
The rice water weevil (RWW), Lissorhoptrus oryzophilus, is one of the most de-
structive pests in rice.  Studies have shown that oviposition of female rice water weevils 
is directly affected by the presence or absence of flood, as well as the depth of flood 
(Hesler and Grigarick, 1992; Stout et al., 2002). Weevil adults enter fields at permanent 
flood and feed on rice leaves along the veins, leaving elongated scars. Although leaf 
scars normally do not cause yield loss, the leaf scar is the first sign of infestation. The 
adults mate and the female lays her eggs in the leaf sheaths of the plant. Larvae hatch 
and move down to the root and begin to feed. As the larvae feed on root systems, the 
ability of the plant to uptake nutrients is reduced. Deficiency symptoms and stunting 
become common and can result in delayed maturity and decreased yield. Occasionally, 
root pruning can be so severe that plants cannot remain anchored in the soil and the 
plants will float to the water surface when disturbed (Bernhardt, 2001).  Most producers 
use insecticide seed treatments to control the RWW, but occasionally rice is planted 
without it and foliar applications can be necessary. In other cases, the permanent flood 
may be delayed, resulting in a loss of control with neonicotinoid seed treatment such as 
Cruiser (thiamethoxam) and NipsIt Inside (clothianidin). Foliar applications, based on 
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leaf scars and presence of adult weevils in the field can be less efficient if not applied 
before female adult weevils lay eggs; therefore, timing of application is crucial and 
often missed (Bernhardt, 2008). The objective of this study was to evaluate the efficacy 
of selected foliar insecticides for control of RWW.
Procedures 
A trial was located at the University of Arkansas System Division of Agriculture’s 
Pine Tree Research Station, near Colt, Arkansas. Plot design was a randomized complete 
block with 4 replications. Plots were 5 ft × 16.5 ft using 7.5-inch drill spacing. Standard 
agronomic practices were used to maintain these plots. Applications were made 19 and 
24 June, 24 hours before the flood was initiated and 24 hours after the permanent flood 
was established, with a hand boom fitted with TX6 hollow cone nozzles at 19-inch nozzle 
spacing, with a spray volume of 10 gal/acre, at 40 psi. Treatments included: an untreated 
check (UTC), experimental A (low and high rate), pre-flood Mustang Maxx (3.2 and 
4.0 fl oz/acre), pre-flood Lambda-Cy (3.65 fl oz/acre), pre-flood and post-flood Belay 
(4.5 fl oz/acre), pre-flood and post-flood experimental B, and pre-flood and post-flood 
Tenchu (7.5 oz/acre). All treatments had the same fungicide package seed treatment of 
Apron 0.365 fl oz/cwt, Maxim 0.046 fl oz/cwt, and Dynasty 1.0 fl oz/cwt.
Rice water weevil densities were evaluated 17 days after establishment of the 
permanent flood by taking 3 core samples per plot with a 4-inch diameter core sampler. 
Samples were processed at the University of Arkansas System Division of Agriculture’s 
Lonoke Extension Center, by washing core samples into a warm salt water solution 
allowing the larvae to float and then be counted. Data were processed using Agriculture 
Research Manager v. 2018.3 (Gylling Data Management, Inc., Brookings, S.D.), analysis 
of variance, and Duncan’s New Multiple Range Test (P = 0.10).
Results and Discussion
Seventeen days after permanent flood, Belay 4.5 oz and Exp. B pre-flood ap-
plications controlled RWW better than all other treatments (Fig. 1). Tenchu 7.5 oz and 
Belay 4.5 oz post flood applications, Lambda-cy 3.65 oz, Mustang Maxx 3.2 oz, and 
the low rate of experimental A had fewer RWW than the UTC. Pre-flood applications 
of experimental B and Belay reduced RWW numbers significantly better than post 
flood applications. 
Significance of Findings
There is the potential for new chemistries coming to the market to control RWW. 
The difference in control noted for experimental B and Belay indicate timing may be 
critical for achieving good control of RWW. Further testing needs to be conducted.   
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Fig. 1. Rice water weevil samples taken 17 days after permanent flood. 
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PEST MANAGEMENT: WEEDS
The Expression Profile of the Benzobicyclon Metabolizing Gene, 
HIS1, and its Role in Weedy Rice Control and Crop Tolerance 
C. Brabham1, J.K. Norsworthy1, and V.K. Varanasi1
Abstract
Benzobicyclon is currently being registered in the mid-South as a post-flood rice herbi-
cide and unexpectedly, has activity on one of the most problematic weeds in rice, weedy 
rice. Rice cultivars homozygous for the 4-hydroxyphenylpyruvate dioxygenase (HPPD) 
INHIBITOR SENSITIVE 1 (HIS1) at 5- to 6-leaf growth stage exhibit crop tolerance 
to benzobicyclon. Therefore, research was conducted to determine how the expression 
profile of HIS1 relates to benzobicyclon sensitivity. Here, subsamples were collected 
of RoyJ, LaKast, Diamond, RT CLXL745, and RT XP753 at 2- to 3- and 5- to 6-leaf 
growth and sectioned into mature leaves, sheaths, and whorl tissue to extract RNA. The 
remaining plants were sprayed with benzobicyclon, and injury was recorded at 28 days 
after treatment (DAT). Analysis of the results indicate benzobicyclon at 12.6 fl oz/acre 
can suppress the growth of homozygous HIS1 cultivars with 2- to 3-leaves while culti-
vars at the 5- to 6-leaf growth stage, as expected, were tolerant. HIS1 was expressed in 
all tissue types sampled, however the overall level of expression was moderate to low. 
No differences in expression were detected among or between cultivars at both growth 
stages. Thus, the differences in sensitivity to benzobicyclon between 2- to 3-leaf and 
5- to 6-leaf plants were hypothesized to be a function of the overall expression level 
of HIS1 and the ability in smaller plants to overload HIS1 with benzobicyclon. This 
research highlights the possibility of building a novel weedy rice control program in 
conventional, Clearfield or Provisia rice cultivars that is centered on benzobicyclon.
Introduction
Controlling weedy rice in cultivated rice is extremely difficult. Today, growers 
rely on the Clearfield technology, which confers resistance to imidazolinone herbicides 
such as imazethapyr and imazamox, to control weedy rice in cultivated rice (Hardke, 
2016). However, imidazolinone-weedy rice accessions are now abundant in Arkansas 
and a new a method for controlling weedy rice in conventional rice cultivars is needed. 
1 Post-doctoral Research Associate, Professor, and former Post-doctoral Research Associate, respectively, 
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Benzobicyclon is currently being registered in the mid-South as a post-flood rice herbi-
cide and has unexpectedly shown activity on weedy rice (Young et al., 2018). Tolerance 
to benzobicyclon in cultivated rice at the 5- to 6-leaf growth stage (expected applica-
tion timing) is cultivar specific. In general, the popular long-grain cultivars grown in 
Arkansas are sufficiently tolerant (Young et al., 2017). Rice tolerance to benzobicyclon 
is conferred by a single semi-dominant gene referred to as 4-hydroxyphenylpyruvate 
dioxygenase (HPPD) INHIBITOR SENSITIVE 1 (HIS1) (Kato et al., 2015). Development 
of conventional varieties with this trait would be desirable. Therefore, research was 
conducted to understand the complex interaction between HIS1 and weedy rice control 
while at the same time maintaining crop safety. In particular, the expression profile of 
HIS1 in rice cultivars at the 2- to 3- and 5- to 6-leaf growth stage was investigated. 
Procedures
Research to determine the expression profile of HIS1 across cultivars, tissue types, 
and growth stages was conducted in greenhouses and laboratories at the University of 
Arkansas System Division of Agriculture’s Altheimer Laboratory, Fayetteville, Arkan-
sas, in the fall of 2017 and 2018. Five commonly grown cultivars in Arkansas (RoyJ, 
LaKast, Diamond, RT CLXL745, and RT XP753) were chosen for experimentation. All 
cultivars are homozygous for HIS1. Seeds of each cultivar were planted into separate 
2-gallon buckets filled with field soil based on Arkansas recommended seeding rates. A 
second round was planted two weeks later. Once plants in the first planting and second 
planting reached the 5- to 6- and 2- to 3-leaf growth stages, respectively, the experi-
ment was initiated. Plants were initially flooded and maintained at a 2-inch depth for 28 
days. The day after flooding, benzobicyclon at 12.6 fl oz/ac plus a methylated seed oil 
at 1% v/v was applied to plants using a research track sprayer calibrated to deliver 20 
gallons/ac. There were a total of three replications per experiment (cultivar by growth 
stage) and the experiment was repeated three times. An untreated control was included 
for each cultivar and growth stage. At 28 days after treatment (DAT), percent injury 
was recorded to correlate benzobicyclon sensitivity to HIS1 expression. 
To measure HIS1 expression, 5 plants from each cultivar and growth stage were 
collected and sectioned into mature leaf, sheath, and whorl tissue. Each type of tissue 
from each of the different cultivars was placed in separate 15-mL falcon tubes, frozen 
in liquid nitrogen, and stored at -112 °F until use. Total RNA from tissue was isolated 
using trizol and converted to cDNA then subsequently used for quantitative PCR (qPCR). 
The relative fold change in the expression of HIS1 was calculated using the delta delta 
Ct method where the reference gene was glyceraldehyde-3-phosphate dehydrogenase. 
Data were subjected to analysis of variance and means were separated using Tukey’s 
honestly significant difference.
Results and Discussion
In the greenhouse, RoyJ, LaKast, Diamond, RT CLXL745, and RT XP753 at 
the 5- to 6-leaf stage showed minimal injury from benzobicyclon at 28 DAT, but the 
response of the same cultivars at the 2- to 3-leaf stage averaged 39% injury (Fig. 1). 
The benzobicyclon metabolizing gene, HIS1, was found to be expressed in the mature 
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leaves, sheaths, and whorls of RoyJ, LaKast, Diamond, RT CLXL745, and RT XP753 
at the 5- to 6-leaf (Fig. 2) and 2- to 3-leaf growth stages (data not shown). However, 
overall expression was moderate to low. In general, the relative expression of HIS1 was 
higher in whorl tissue than in mature leaves or sheaths. The expression level of HIS1 in 
mature leaves, sheaths, and whorl tissue were similar across cultivars within the same 
growth stage (data not shown). Furthermore, the difference in HIS1 expression in whorl 
tissue (Fig. 3), mature leaves (data not shown), and sheaths (data not shown) between 
2- to 3- and 5- to 6-leaf plants, within a cultivar, was negligible.
Significance of Findings
Analysis of the results indicate benzobicyclon at 12.6 fl oz/ac can suppress the 
growth of homozygous HIS1 cultivars with 2 to 3 leaves while cultivars at the 5- to 
6-leaf growth stage, as expected, were tolerant. Differences in benzobicyclon sensitiv-
ity were found to not be a function of gene expression. Most importantly, HIS1 was 
not highly expressed and thus, we hypothesized HIS1 in cultivated or weedy rice can 
be overloaded with benzobicyclon at the 2- to 3-leaf growth stage but not when plants 
have 5 to 6 leaves. Future research is needed to determine how to promote a growth 
stage difference between cultivated and weedy rice. Otherwise, it appears a novel weedy 
rice control program can be centered on benzobicyclon in conventional, Clearfield, or 
Provisia rice cultivars.
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Fig. 1. The average injury level observed in homozygous HIS1 RoyJ, LaKast, Diamond, 
RT CLXL745, and RT XP753 cultivars at the 2- to -3 and 5- to 6-leaf growth stage. No 
significant interaction was detected between cultivars within a growth stage and thus 
pooled. Means were separated using Tukey’s honestly significant difference.
Fig. 2. The relative gene expression in mature leaves, sheaths, and whorl tissue 
of RoyJ, LaKast, Diamond, RT CLXL745, and RT XP753 cultivars at the 5- to 6-leaf 
growth stage. Expression levels were standardized for each cultivar to the 
expression of HIS1 in mature leaves.
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Fig. 3. Comparison of HIS1 expression in whorl tissue between 2- to -3 and 
5- to 6-leaf RoyJ, LaKast, Diamond, RT CLXL745, and RT XP753 cultivars. 
The relative expression of each cultivar at the 2- to -3 growth stage was 
standardized to that of plants with 5- to 6-leaves.
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Crop Tolerance and Weed Control in a FullPage™ 
Rice Cropping System
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R.C. Scott4, and L.T. Barber1
Abstract
Four hybrid rice varieties have been made commercially-available (FullPage™) to 
provide greater imidazolinone herbicide tolerance and reduce potential rice injury. 
The objective of this research was to evaluate rice herbicide programs, including im-
idazolinone chemistries, on crop tolerance and weed control within a FullPage™ rice 
cropping system. Field experiments were conducted at the University of Arkansas at 
Pine Bluff farm near Lonoke, Arkansas and the University of Arkansas System Division 
of Agriculture's Rice Research and Extension Center near Stuttgart, Arkansas in the 
summer of 2018. Results indicated FullPage™ rice had greater tolerance to the imid-
azolinone herbicides (imazethapyr and imazamox) than its Clearfield® rice counterparts, 
especially early season. Additionally, multiple herbicide programs provided sufficient 
season-long control of barnyardgrass [Echinochloa crus-galli (L.) P. Beauv.] and hemp 
sesbania [Sesbania herbacea (Mill.) McVaugh] in a FullPage™ rice cropping system 
while maintaining rough rice yield. 
Introduction
Acetolactate synthase (ALS)-inhibiting herbicides, such as imazethapyr and 
imazamox, have been a critical tool for weed management in Clearfield® rice (Oryza 
sativa L.) varieties as they provide excellent control of several troublesome grasses 
and sedges (Barber et al., 2019; Sudianto et al., 2013). However, previous research 
has highlighted the need for early season and sequential applications of imazethapyr to 
provide season-long, satisfactory weed control (Masson et al., 2001; Ottis et al., 2003). 
Because of increased rates and certain environmental conditions, rice injury has been 
noted on tolerant varieties, specifically hybrids (Bond and Walker, 2011; Scott et al., 
2016). As a result, four hybrid rice varieties have been made commercially available 
1 Assistant Professor and Professor, respectively, Department of Crop, Soil, and 
Environmental Sciences, Lonoke.
2 Research Associate, University of Arkansas Cooperative Extension Service, Lonoke.
3 Graduate Student and Professor, respectively, Department of Crop, Soil, and Environmental 
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4 Professor and Director, Rice Research and Extension Center, Stuttgart.
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(FullPage™) to provide greater imidazolinone (ALS-inhibiting) herbicide tolerance and 
reduce potential rice injury (RiceTec, 2019). Additionally, effective program approaches 
for weed control are necessary to reduce the potential for rice injury and the selection 
for herbicide resistance (Malik et al., 2010; Zhang et al., 2006). The objective of this 
research was to evaluate rice herbicide programs, including imidazolinone chemistries, 
on crop tolerance and weed control within a FullPage™ rice cropping system.
Procedures
Field experiments were conducted at the University of Arkansas at Pine Bluff 
farm near Lonoke, Arkansas and the University of Arkansas System Division of Agri-
culture's Rice Research and Extension Center near Stuttgart, Arkansas in the summer of 
2018. Soils were a Calhoun silt loam soil with a pH of 5.4 at Lonoke, and a Dewitt silt 
loam soil with a pH of 6.0 at Stuttgart. The experiments were established in random-
ized complete block designs, and treatments were replicated 4 times at each location. 
To compare crop tolerance and weed control of FullPage™ rice cropping systems, an 
equivalent Clearfield® rice cropping system was established. RiceTec CLXL729 (hybrid) 
and CL153 (inbred) were the Clearfield® rice varieties planted in Lonoke and Stuttgart, 
respectively, while RT 7521 FP was planted at both locations as the FullPage™ hybrid 
rice variety. The herbicide program treatments for each rice cropping system are pre-
sented in Table 1. Treatments were applied in Lonoke using a self-propelled sprayer 
calibrated to deliver 10 gal/acre at 3 mph with a 20-inch nozzle spacing and DG110015 
spray tips. Treatments were applied in Stuttgart using a CO2 backpack sprayer calibrated 
to deliver 15 gal/acre at 3 mph with a 20-inch nozzle spacing. A TTI110015 nozzle 
was used for the pre-emergence application, while an AIXR110015 was used for all 
post-emergence applications.
Data collected consisted of visible crop injury (defined as % injury) rated on 
a scale from 0% = no injury to 100% = plant death, and visible weed control ratings 
(defined as % control) rated on a scale from 0% = no control to 100% = complete 
control. Ratings were taken at 8 days after the 2-leaf application timing (8 DA-2L), 15 
days after the 5-leaf application timing (15 DA-5L), and at least 21 days after the post-
flood application timing (post-flood). Plots were harvested for rough rice yield using a 
modified commercial combine, and yields were adjusted to 12% moisture. Data were 
pooled across locations and subjected to analysis of variance. Means were separated 
by Fisher’s protected least significant difference test at P = 0.05.
Results and Discussion
The herbicide program of Command (17 fl oz/acre) followed by (fb) Newpath 
(24 fl oz/acre) fb Newpath (24 fl oz/acre) fb Beyond (20 fl oz/acre) on Clearfield® rice 
(Treatment 3) resulted in greater rice injury at both 8 DA-2L and 15 DA-5L compared 
to all other treatments (Fig. 1). Treatment 6 (FullPage™ rice) had approximately 20 
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percentage points less injury than Treatment 3 (Clearfield® rice) when pooled across 
locations despite having equivalent rates of herbicide active ingredient. However, if 
analyzed within location at 8 DA-2L, Treatment 6 had approximately 40 and 4 per-
centage points less injury than Treatment 3 at Lonoke and Stuttgart, respectively (data 
not shown). Therefore, the inbred Clearfield® variety (CL153) exhibited greater imid-
azolinone herbicide tolerance than the hybrid Clearfield® variety (Ricetec CLXL729), 
but FullPage™ rice still exhibited a greater tolerance overall. By the post-flood rating, 
rice had recovered from early-season injury, and all herbicide program treatments had 
similar % injury (data not shown). Overall, FullPage™ rice had a greater tolerance to 
imidazolinone herbicides (imazethapyr and imazamox) than its Clearfield® rice coun-
terparts, especially early season. 
All herbicide programs resulted in greater than or equal to 88% control of barn-
yardgrass [Echinochloa crus-galli (L.) P. Beauv.] regardless of the rating timing (Fig. 2). 
Treatments 2, 3, 4, 5, 6, 7, and 8 resulted in greater control of hemp sesbania [Sesbania 
herbacea (Mill.) McVaugh] across all rating timings (>90%) compared to Treatment 
9 (<50%) (Fig. 3). This result indicates the addition of a pre-emergence application of 
Command fb quinclorac (Facet or Zurax) to the herbicide program was necessary for 
satisfactory early season control of hemp sesbania. Treatment 10 had a reduced percent-
age of control of hemp sesbania early season (8 DA-2L and 15 DA-5L); however, by the 
post-flood rating, the percentage of control was similar to all other treatments excluding 
Treatment 9. This indicates Loyant provided excellent post-emergence control of hemp 
sesbania. Despite the differences in crop tolerance and weed control across herbicide 
program treatments, no statistical rough rice yield differences were observed (data not 
shown). 
Significance of Findings
The greater tolerance of FullPage™ hybrid rice to imidazolinone herbicides 
(imazethapyr and imazamox) compared to Clearfield® rice can lead to better overall 
rice growth and yield potential especially in environmental situations where early 
season crop injury from the respective herbicides may be prolonged or worsened. Ad-
ditionally, there are multiple herbicide program options for FullPage™ rice cropping 
systems that can sufficiently control barnyardgrass and hemp sesbania. Future research 
will investigate other herbicide programs for use in FullPage™ rice cropping systems, 
and identify specific environmental conditions in which the increased imidazolinone 
herbicide tolerance may be necessary for optimum rice growth.
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Table 1. Herbicide program treatments to evaluate crop tolerance and 
weed control in a FullPage™ rice cropping system.a,b 
  Application timing 
Treatment 
Rice 
herbicide 
tolerance Pre-emergence 2-leaf rice 5-leaf rice Post-flood 
  -------------------------------------------(fl oz/acre) ------------------------------------------- 
1 Clearfield® Nontreated control 
2 Clearfield® Command (17) c Newpath (6) + Facet Newpath (6) Beyond (5) 
3 Clearfield® Command (17) Newpath (24) + Facet Newpath (24) Beyond (20) 
4 FullPage™ Command (17) Preface (6) + Zurax Preface (6) Postscript (5) 
5 FullPage™ Command (17) Preface (12) + Zurax Preface (12) Postscript (10) 
6 FullPage™ Command (17) Preface (24) + Zurax Preface (24) Postscript (20) 
7 FullPage™ Command (17) Postscript (5) + Zurax Postscript (5) Postscript (5) 
8 FullPage™ Command (17) Preface (6) + Zurax Preface (6)  
9 FullPage™  Preface (12) Preface (12) Postscript (10) 
10 FullPage™  Preface (12) Preface (12) + Loyant (16)  
a All post-emergence applications contained 1.25% v/v crop oil concentrate. 
  Facet and Zurax were applied at 0.5 lb/acre. 
b Herbicide common names: Command – clomazone; Newpath and Preface – imazethapyr; 
  Beyond and Postscript – imazamox; Facet and Zurax – quinclorac; Loyant – florpyrauxifen-benzyl. 
c Numbers in parentheses are the fluid ounces per acre. 
 
Fig. 1. Visible rice injury (% injury) of Clearfield® and FullPage™ rice herbicide program 
treatments at 8 days after the 2-leaf application (8 DA-2L) and 15 days after the 5-leaf 
application (15 DA-5L). Columns within a rating timing followed by the same letter are not 
different at P = 0.05. 
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Fig. 2. Visible weed control ratings (% control) of barnyardgrass [Echinochloa crus-
galli (L.) Beauv.] at 8 days after the 2-leaf application (8 DA-2L), 15 days after the 5-leaf 
application (15 DA-5L), and at least 21 days after the post-flood application (post-flood). 
Columns within a rating timing followed by the same letter are not different at P = 0.05. 
Fig. 3. Visible weed control ratings (% control) of hemp sesbania [Sesbania herbacea 
(Mill.) McVaugh] at 8 days after the 2-leaf application (8 DA-2L), 15 days after the 5-leaf 
application (15 DA-5L), and at least 21 days after the post-flood application (post-flood). 
Columns within a rating timing followed by the same letter are not different at P = 0.05. 
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PEST MANAGEMENT: WEEDS
Dicamba Exposure on Reproductive Rice
M.C. Castner1, J.K. Norsworthy1, Z.D. Lancaster1, and L.T. Barber2
Abstract
With recent advancements in crop technology, growers may be given the opportunity to 
effectively control problematic broadleaf weeds such as Palmer amaranth (Amaranthus 
palmeri) with the Engenia formulation of dicamba applied post-emergence (POST) in 
XtendFlex cotton and Roundup Ready 2 Xtend soybean. Despite the efficacy of dicamba 
as a broadleaf herbicide, labeled applications in both cotton and soybean systems may 
present substantial concerns for off-target movement of the herbicide. The effects of 
dicamba at sublethal drift rates as well as the impact to soybean based on timing of 
dicamba exposure have been well documented with the arrival of dicamba-resistant (DR) 
crops. However, there is limited research investigating the impact of dicamba drift rates 
on reproductive cereal crops such as rice. To determine the potential consequences of 
dicamba drift rates on reproductive rice, an experiment was conducted near Stuttgart, 
Arkansas in 2018. Simulated drift rates of dicamba were applied on a Clearfield rice 
cultivar at varying reproductive growth stages at 1, 1/10, 1/100, and 1/1000× rates, 
with 1× being 0.5 lb/acre dicamba. Treatments were arranged in a two-factor factorial, 
with the first factor being dicamba rate, and the second being rice growth stage. The 
most considerable injury with respect to yield and the various components that pertain 
to yield, were only observed with high rates or concentrations of dicamba. Application 
timing only significantly impacted number of seeds per panicle. Plots treated with a 
1 and 1/10× rate of dicamba had mean yields of 88 and 119 bushel/acre, along with a 
substantial reduction in panicle weight (1.74 g and 2.75 g) in comparison to nontreated 
plots (3.31 g). 
Introduction
With recent advancements in crop technology, growers may be provided the oppor-
tunity to effectively control problematic broadleaf weeds such as Palmer amaranth with 
new formulations of dicamba applied post-emergence (POST) in dicamba-resistant (DR) 
crops. With such diverse crop production in the Mississippi Delta region of Arkansas, 
off-target movement of dicamba is a primary concern due to its mobility and injury to 
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susceptible soybean varieties.  From a visual standpoint, growers with non-DR soybean 
are impacted the most by dicamba volatility. However, given the ability of dicamba to 
cause widespread landscape damage to soybean, the same landscape exposure could 
be occurring in rice without any indication of visible injury. Several growth regulating 
herbicides are labeled for weed control in Arkansas rice such as 2,4-D and quinclorac 
but have application cutoff dates due to late-season phytotoxicity (Scott et al., 2018). 
With dicamba having the same site of action as these herbicides, late-season drift events 
may pose a major concern for Arkansas rice production.
Procedures
A field experiment was conducted at the University of Arkansas System Division 
of Agriculture's Rice Research and Extension Center near Stuttgart, Arkansas in  the 
summer of 2018. An inbred Clearfield cultivar was drill-seeded and kept weed free 
through the incorporation of typical Arkansas rice production practices and a standard 
rice weed control program respective to a Clearfield system. 
Because of interest in understanding potential consequences of off-target move-
ment of dicamba on reproductive rice, the experiment accounted for two factors. The 
first factor being dicamba rate and the second being application timing. The Engenia 
formulation of dicamba was applied at several growth stages: late boot, panicle ex-
ertion, and anthesis at 1, 1/10, 1/100, and 1/1000× rates, with 1× being 0.5 lb/acre. 
Following each application timing, ratings of crop injury were taken at 7, 14, 21, and 
28 days after treatment (DAT) on a 0% to 100% scale, with 0% indicating no injury 
and 100% being crop death. In order to assess and quantify any adverse effect late-
season exposures of dicamba may have on rice, yield and several yield components 
were measured. Before harvest, a sample of 5 panicles per plot were clipped at the 
same length to measure the average weight of panicles. Yield data were collected at 
harvest and immediately following harvest. Subsamples of plots were collected to 
analyze the average number of seeds per panicle from the samples collected at pre-
harvest. The setup for this experiment was a randomized complete block design with 
three replications.
Results and Discussion
At both 21 and 28 DAT respective to the late boot application timing, a significant 
main effect was observed between visible injury and dicamba rate applied, which was 
independent of growth stage. At 28 DAT, visible injury peaked with the 1× rate dem-
onstrating the highest level of injury (8%), with the 1/10× rate causing 3% rice injury 
(Table 1). Regardless of growth stage, the rate of dicamba applied heavily influenced 
yield and decreased seeds per panicle and panicle weight more than suggested by visible 
injury rating. Rice treated with both 1/100 and 1/1000× rates did not show a decrease 
in yield in comparison to the nontreated rice; however, rice receiving 1 and 1/10× di-
camba rates yielded significantly worse, with yields as low as 88 and 119 bushel/acre.
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 For average panicle weight, only one main-effect was documented in response 
to dicamba rate.  Similar to yield, a decrease in panicle weight was observed with both a 1 
and 1/10X rate of dicamba, which equated to 1.74 and 2.75 g compared to the nontreated 
check weight of 3.31 g (Table 1).  The same trend translates to the average number of 
seeds per panicle when considering dicamba rate, with a significant decrease in seed 
count caused by the 1 and 1/10X dicamba rate.  However, another consequential main 
effect was observed concerning seeds per panicle and application timing of dicamba. 
Applications made during the late boot reproductive growth stage proved to be most 
unfavorable, with seed counts as low as 87 seeds per panicle compared to 149 seeds 
per panicle when applied at anthesis (Table 2).
Significance of Findings
For Arkansas rice producers in proximity to DR crops, there appears to be mini-
mal risk associated with off-target movement of dicamba onto rice during reproductive 
development. Observing visible injury and yield loss to rice is unlikely to occur. The 
only scenario in which a significant reduction in yield could potentially occur is with 
late-season tank-contamination with high concentrations of dicamba or a misapplication.
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Table 1. Response of reproductive rice to reduced rates of dicamba. 
   Injury      
Treatment† Rate   21 DAT‡ 28 DAT‡ Panicle weight Seeds per panicle Yield 
 lb/ac  % g # bu./ac 
Nontreated     3.31 a§ 145 a      140   a 
Engenia 0.5  6 a 8 a 1.74 c 87 c        88   c 
Engenia 0.05  2 b 3 b 2.75 b 121 b      119   b 
Engenia 0.005  <1 bc 1 bc 3.42 a 149 a      156   a 
Engenia 0.0005  0 c 0 c 3.2 a 137 ab      150   a 
† All treatments contained 0.025% Non-Ionic surfactant and plots were maintained weed free. 
‡ 21 and 28 days after treatment (DAT) respective to late boot application timing. 
§ Means within a column followed by the same letter are not significantly different at P = 0.05. 
 
Table 2. Response of rice seeds per panicle to application timing. 
Treatment† Timing Seeds per panicle 
  # 
Engenia Late boot                     87  c‡ 
Engenia Panicle exertion                    121 b 
Engenia Anthesis                    149 a 
† All treatments contained 0.025% Non-Ionic surfactant and plots were 
  maintained weed free. 
‡ Means within a column followed by the same letter are not significantly 
  different at P = 0.05. 
 
201
PEST MANAGEMENT: WEEDS
Amazon Sprangletop (Diplachne panicoides) Control with 
Benzobicyclon Herbicide at Three Growth Stages and Rates
B.M. Davis1, L.T. Barber2, T.R. Butts2, and R.C. Scott3
Abstract
Benzobicyclon is a new herbicide option for Arkansas rice (Oryza sativa) that is being 
evaluated for post-flood weed control. Benzobicyclon is a 4-hydroxyphenylpyruvate 
dioxygenase (HPPD) inhibitor and when registered would be the first group 27 herbicide 
labeled in Arkansas rice. This brings a new tool to rice growers who battle problematic 
grass and broadleaf weeds. A field experiment was conducted at the University of Ar-
kansas at Pine Bluff small farm outreach center in Lonoke, Arkansas in the summer of 
2018 to evaluate Amazon sprangletop (Diplachne panicoides) control with the use of 
benzobicyclon herbicide in flooded rice. Early results show that benzobicyclon is an 
excellent option for the control of Amazon sprangletop.
Introduction
Benzobicyclon is a new herbicide option for Arkansas rice (Oryza sativa) that is 
being evaluated for post-flood weed control. Benzobicyclon is a 4-hydroxyphenylpy-
ruvate dioxygenase (HPPD) inhibitor and when registered, would be the first group 27 
herbicide labeled in Arkansas rice. This brings a new tool to rice growers who battle 
problematic grass and broadleaf weeds. Unlike many other herbicides, benzobicyclon 
must first be hydrolyzed to become an active herbicide. This is unlike most conven-
tional post-emergence and post-flood rice herbicides where foliar uptake is key. Instead, 
benzobicyclon is hydrolyzed in the flood where root and shoot uptake is key to its ef-
fectiveness (Gowan Company, 2018). More research is needed to determine susceptible 
weed species and appropriate weed growth stages to maximize the effectiveness of this 
herbicide for Arkansas rice production. The objective of this study was to determine 
a recommended rate and weed growth stage for the control of Amazon sprangletop 
(Diplachne panicoides). 
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Procedures
A field experiment was conducted at the University of Arkansas at Pine Bluff 
small farm outreach center in Lonoke, Arkansas in the summer of 2018 to evaluate 
Amazon sprangletop control with the use of benzobicyclon herbicide in flooded rice. 
Rice was planted on 17 May 2018 at a seeding rate of 90 lb/acre of Clearfield CL172. 
The trial area was field cultivated and land planed prior to planting. Soil series was 
a Calhoun silt loam with a pH of 5.4. Plot size was 7.5 ft wide by 20 ft long. The ex-
periment was arranged in a randomized complete block design with 3 replications and 
all plots were individually bayed (Fig. 1). Treatments were individually bayed due to 
benzobicyclon being water soluble and flowable with water. The individually watered 
and leveed bays allowed for no cross contamination of treatments. Post-emergence 
treatments of Facet at 12 fl oz/acre, Permit Plus at 0.5 oz/acre and Grasp SC at 1.5 fl 
oz/acre were applied across the entire trial area at 2-3 leaf rice. These applications were 
used to establish a population of Amazon sprangletop without other competing weeds. 
Treatments consisted of benzobicyclon herbicide applied at 8.4, 10.6, and 12.6 fl oz/
acre. Treatments were applied at weed growth stages of 3-4 leaf, tillering, and heading 
using a hand boom calibrated to deliver 10 gal/acre at 3 mph with an 8 nozzle, 12-ft 
boom with DG110015 spray tips. An untreated check was included for weed control 
and rough rice yield comparisons.
Data collected consisted of visible weed injury ratings, which were defined as 
% control, where 0% was no control and 100% was complete control compared to the 
untreated check. Visible injury ratings were taken at 1 week after treatment (WAT), 2 
WAT and preharvest. Plots were harvested for yield on 11 October 2018 using a modi-
fied commercial combine. All yields were adjusted to 12.5% grain moisture. Data were 
analyzed and subjected to analysis of variance and means were separated by Fisher’s 
least significant difference test at a P-value of 0.05.
Results and Discussion
At 1 WAT, 10.6 and 12.6 fl oz/acre of benzobicyclon applied at the 3-4 leaf 
growth stage provided the greatest control compared to the other rates and weed growth 
stage application timings (Table 1). General trends indicate that earlier applications on 
younger weed growth stages and higher rates of benzobicyclon herbicide provided the 
best control of Amazon sprangletop. Similar trends occurred at 2 WAT with earlier ap-
plication timings having greater % control ratings. By 2 WAT, the lowest rate of 8.4 fl 
oz/acre applied at the heading weed growth stage had the lowest % control of Amazon 
sprangletop compared to all other treatments. At preharvest, % control ratings for the 
3-4 leaf and tiller weed growth stage application timings were numerically greater 
than when applied at heading(<93%) regardless of rate and all % control ratings were 
greater than 87%. However, there were statistical differences in control of Amazon 
sprangletop preharvest when applied at 3-4 leaf and tillering at 10.6 and 12.6 fl oz/acre 
rates compared to at heading at the 8.4 and 10.6 fl oz/acre rates. Rough rice yields were 
not different across treatments; however, the application at the tiller weed growth stage 
achieved the highest numerical yields compared to applications at other weed growth 
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stages. This could be due to slight crop injury that occurred when benzobicyclon was 
applied early in the flood stage (data not shown); however, the crop injury was not 
severe enough to cause a statistical yield loss. 
Significance of Findings
Benzobicyclon herbicide provided excellent control of Amazon sprangletop in 
flooded rice systems, and will be an effective new tool for Arkansas rice producers. 
The use of full, appropriate rates (10.6 and 12.6 fl oz/acre) and applying when weeds 
are small (3-4 leaf to tiller growth stages) will be keys to maximizing benzobicyclon’s 
success. More work is needed to evaluate other problematic weeds in Arkansas rice 
systems that benzobicyclon may control.
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Fig. 1. Benzobicyclon individual rice bays. 
Table 1. Amazon sprangletop visual injury ratings (% control) and 
rough rice yields with benzobicyclon. 
Treatment Timing Rate 1 WATa 2 WAT Preharvest Yield 
  fl oz/ac ----------------% control---------------- bu./ac 
Untreated check   0 0 0 28 
Benzobicyclon 3-4 leaf 8.4 77 91 98 72 
Benzobicyclon 3-4 leaf 10.6 87 96 100 85 
Benzobicyclon 3-4 leaf 12.6 90 99 100 81 
Benzobicyclon Tillering 8.4 63 78 93 84 
Benzobicyclon Tillering 10.6 78 88 100 94 
Benzobicyclon Tillering 12.6 73 92 100 89 
Benzobicyclon Heading 8.4 60 67 87 71 
Benzobicyclon Heading 10.6 67 77 87 70 
Benzobicyclon Heading 12.6 70 80 90 83 
LSD0.05b   7 7 10 26 
a WAT = weeks after treatment. 
b LSD= least significant difference. 
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Evaluation of Dicamba and Glyphosate Drift to Rice
O.W. France1, J.K. Norsworthy1, Z.D. Lancaster1, M.C. Castner1, and Tom Barber2
Abstract
Dicamba has seen an increase in usage with the recent integration as a post-emergence 
(POST) herbicide in dicamba-resistant crops and its potential for off-target move-
ment is well documented. Glyphosate, a commonly used herbicide in soybean, can be 
injurious to adjacently grown rice (Oryza sativa L.). The objective of this study was 
to evaluate injury sustained by rice when applied with dicamba and glyphosate at low 
rates to simulate drift events at different timings. A field experiment was conducted 
in 2018 at the University of Arkansas System Division of Agriculture's Rice Research 
and Extension Center near Stuttgart, Arkansas. Rice variety CL153 was planted and 
applied with dicamba, formulated as Clarity™, and glyphosate, formulated as Roundup 
PowerMax™, at a 1/20×, 1/80×, and 1/320× rate of dicamba and glyphosate mixed 
together. Each rate of dicamba and glyphosate was applied at the one tiller, half-inch 
internode elongation, and boot stages. Injury and plant heights were taken at 14 days 
after each application. Plant heights and yield data were collected at harvest. Rice yield 
had a high level of variation within treatments and no significant interaction or main 
effects were observed. The highest rate of glyphosate + dicamba reduced rice height. 
Injury never exceeded 6% on a 0–100% rating. These results lead to the conclusion that 
rice will need to be in close proximity to a glyphosate + dicamba application in order 
for there to be great risk for potential negative impact to the crop. 
Introduction
Dicamba has recently been integrated as a post-emergence (POST) herbicide with 
the release of dicamba-resistant soybean and cotton. Previously, dicamba was used to 
control a variety of broadleaf weeds at burndown or in corn (Senseman, 2007). With 
the increase in application of dicamba as a foliar herbicide in cotton and soybean, oc-
currence of off-target movement of the herbicide as physical drift and volatility has 
increased similarly. Although capable of injuring soybean at very low rates, dicamba 
is not known to damage to rice. 
1 Graduate Assistant, Professor, and Graduate Assistants, respectively, Department of Crop, Soil, and 
Environmental Sciences, Fayetteville.
2 Professor, Department of Crop, Soil, and Environmental Sciences, Lonoke.
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Glyphosate is a nonselective 5-enolpyruvyl-shikimate-3-phosphate (EPSP) 
synthase inhibitor used to control annual and perennial weeds in glyphosate-resistant 
crops (Senseman, 2007). Glyphosate is a highly applied chemical with physical drift 
potential and can be highly injurious to rice (Koger et al., 2005; Hensley et al., 2017). 
With incidence of dicamba off-target movement increasing with the use of dicamba as a 
POST herbicide, the possibility of drift occurrences of both chemicals on rice is likely. 
Dicamba alone is not expected to be highly injurious to rice; however when applied in 
conjunction with glyphosate, injury could be a greater possibility. The objective of this 
study was to evaluate injury sustained by rice when applied with low rates of dicamba 
and glyphosate at different growth stages. 
Procedures
A field experiment was conducted at the University of Arkansas System Division of 
Agriculture's Rice Research and Extension Center near Stuttgart, Arkansas in the summer 
of 2018. Rice variety CL153, was drilled into a tilled bed of plots measuring 6 by 17 ft 
and at 0.8-in. depth. The experiment was a factorial design with four replications and 
a non-treated control for comparison. Command 3ME was applied at planting and the 
trial was maintained weed free through applications of Superwham™ and Permit™. At 
one tiller, half-inch internode elongation, and boot growth stages, respectively, the rice 
was sprayed with the following rates of Roundup PowerMax® and Clarity®, respectively: 
0.8 and 0.4, 0.2 and 0.1, 0.05 and 0.025 oz ae/ac. These rates represent a 1/20×, 1/80×, 
and 1/320× respective rate of glyphosate and dicamba labeled for POST use on Xtend 
crops. Plots were rated for visible injury at 14 days after application. Plant heights were 
taken as well as heading dates for each treatment. Harvest weight and moisture for 
each plot was also collected and used to calculate yield relative to the non-treated. All 
data were analyzed using analysis of variance (ANOVA) in JMP 14.1 and means were 
separated using Fisher’s protected least significant difference at an alpha value of 0.05.
Results and Discussion
A significant interaction of application timing and herbicide rate was observed 
for injury 14 days after treatment with the highest application rate (1/20×) at the one 
tiller growth stage resulting in greater injury (6%) compared to all other treatments 
(Table 1).  Rice height was significantly influenced by application rate of dicamba + 
glyphosate with the 1/20× rate resulting in a lower height (33.6 in.) compared to both 
the 1/80× (34.1 in.) and the 1/320× (34.2 in.) rates which were not different. Rice yield 
had a high level of variation within treatments and thus no significant interaction or 
main effects were observed.
Significance of Findings
This research indicates that the impact of dicamba + glyphosate at low rates on 
rice poses minimal risk to the crop at drift rates that would be typically expected un-
der most field situations. It is acknowledged that this is only one year of research and 
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additional years of data are needed to draw more certain conclusions. It also is noted 
that these trials do not fully simulate drift because as spray droplets evaporate the 
concentration of herbicide in the droplet increases likely increasing herbicide uptake 
and possible injury to the crop.
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Table 1. Influence of herbicide application stage and rate on 
rice injury, height, and relative yield. 
Application 
stage 
Dicamba + 
Glyphosate rate 
 
Injury 14 DAA† 
 
Height 14 DAA‡ 
Relative yield 
  
(per acre) 
% relative to 
nontreated 
 
(in.) 
% of non- 
treated 
Nontreated        
One tiller 1/20x 6 a§ 33.6 b 61.6 a 
One tiller 1/80x 0 b 34.1 a 83.8 a 
One tiller 1/320x 0 b 34.2 a 88.7 a 
Internode 0.5 in. 1/20x 1 b   100.0 a 
Internode 0.5 in. 1/80x 0 b   104.5 a 
Internode 0.5 in. 1/320x >1 b   104.9 a 
Boot 1/20x 0 b   69.5 a 
Boot 1/80x >1 b   109.4 a 
Boot 1/320x 0 b   79.0 a 
† DAA = days after application. 
‡ No significant interaction was observed for height at 14 DAA, thus only the significant main 
  effect of application rate is shown. 
§ Means followed by the same letter within a column are not statistically different at α = 0.05 
  according to Fisher’s protected least significant difference test. 
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Evaluation of Barnyardgrass Control with Loyant™ Herbicide 
Following Single or Multiple Residual Herbicides
Z. Hill1, T. Barber2, B. Davis2, L. Collie2, and T. Butts2
Abstract
Loyant™ with Rinskor™ active is a new synthetic auxin herbicide that provides broad 
spectrum control of most broadleaf, sedge, and aquatic weed species with additional 
activity on barnyardgrass. A study was conducted in 2018 at the University of Arkansas 
Pine Bluff–Lonoke farm to determine effectiveness of Loyant on barnyardgrass follow-
ing single or multiple residual applications. Treatments in this experiment consisted 
of Command or Obey applied pre-emergence (PRE); Command, Obey, or Ricebeaux® 
applied early post-emergence (EPOST); and Loyant applied pre-flood. The PRE applica-
tions of Command and Obey provided similar control (>80%) of barnyardgrass 14 days 
after treatment (DAT). Treatments containing EPOST applications were necessary to 
maintain control 15 DAT with Command followed by (fb) Ricebeaux providing greater 
than 90% of both barnyardgrass and broadleaf signalgrass. The addition of Loyant 
pre-flood provided an increase in control as long as an EPOST application was made 
in addition to either Command or Obey applied PRE. All programs provided greater 
than 95% control, except for the two pass system of Obey fb Loyant. The two-pass 
program of Obey fb Loyant yielded less (125 bu./ac) than the three-pass-system of 
Obey fb Command fb Loyant program which provided the highest yield (157 bu./ac).
Introduction
Arkansas has been the leading producer of rice in the United States for several 
years, with 1.44 million acres produced in 2018 (USDA-NASS, 2018). Herbicide-
resistant weeds have become very prominent across the state on most rice (Oryza sativa 
L.) acres, especially barnyardgrass [Echinochloa crus-galli (L.) P. Beauv.] (Talbert and 
Burgos, 2007).  Additionally, other prominent weeds in rice are Amazon sprangletop 
[Leptochloa panicoides (J. Presl) Hitchc.], red rice, weedy rice, hemp sesbania [Sesbania 
herbacea (Mill.) McVaugh], and Palmer amaranth (Amaranthus palmeri S. Watson) 
(Hardke et al., 2013). Due to the further spread of herbicide-resistant weeds, new her-
bicide modes of action are needed.  Loyant™, a newly released herbicide containing 
1 Program Associate I, Department of Crop, Soil, and Environmental Science, Monticello. 
2 Professor, Program Associate II, Program Associate I, and Assistant Professor, respectively, Department 
of Crop, Soil, and Environmental Sciences, Lonoke.
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Rinskor™ active, is a new class of synthetic auxin herbicides (Miller et al., 2016). 
Previous research suggests that Loyant, when included in a rice weed management 
program could be beneficial in controlling herbicide-resistant weeds found in Arkansas 
rice (Hill et al., 2016).
Procedures
A field experiment was conducted on a Calhoun silt loam soil at the University of 
Arkansas Pine Bluff–Lonoke farm in Lonoke, Arkansas, to determine the effectiveness 
of Loyant for barnyardgrass control following either a single or sequential application 
of Obey or Command both pre-emergence (PRE) and early post-emergence (EPOST). 
Rice cultivar CL 172 was drill-seeded on 8 May 2018 into 10 ft by 25 ft plots. The 
experimental design was a randomized complete block with four replications, where 
barnyardgrass and broadleaf signalgrass [Urochloa platyphylla (Munro ex C. Wright) 
R.D. Webster] efficacy was evaluated as percent control.  
Four herbicide programs including; Command (clomazone) at 12.8 oz/ac or Obey 
(clomazone plus quinclorac) at 26 oz/ac applied PRE; Command at 12.8 oz/ac, Obey 
at 26 oz/ac, or Ricebeaux™ (propanil plus thiobencarb) at 128 oz/ac applied EPOST, 
and Loyant (florpyrauxifen-benzyl) at 16 oz/ac applied pre-flood. A methylated seed oil 
(MSO) was used at 0.5% v/v in tank-mixture with all Loyant treatments. All herbicides 
were applied with a CO2-pressurized tractor mounted sprayer equipped with 110015 
air induction (Teejet) nozzles calibrated to deliver 10 gal/ac. Herbicide efficacy was 
evaluated on a scale of 0% (no control) to 100% (complete control), and rice yields 
were reported in bushels/acre (bu./ac). Data were subjected to analysis of variance and 
means were separated using Fisher’s protected least significant difference test (P = 0.05).
Results and Discussion
At 14 days after the PRE application, treatments containing similar herbicides 
were pooled together due to the control of barnyardgrass being comparable, with all 
treatments providing ≥80% (Fig. 1). Following the EPOST application, Command PRE 
followed by (fb) Ricebeaux EPOST provided the greatest control of barnyardgrass 
and broadleaf signalgrass compared to other programs, with 94% and 95% control, 
respectively. The addition of an EPOST application of a residual herbicide improved 
the control of both grass species compared to Obey applied PRE with no EPOST ap-
plication (Fig. 2). By 15 days after the pre-flood application, an increase in control was 
observed from all programs that received an application of Loyant (Fig. 3). All programs 
were comparable with ≥95% control of both grass species, except for the Obey PRE fb 
Loyant pre-flood program which provided only 70% control of barnyardgrass and 88% 
control of broadleaf signalgrass. Results indicate that including an EPOST herbicide is 
beneficial in maintaining control of both grasses when Loyant is applied pre-flood. Rice 
yields were comparable among most programs; however, a 3-pass system achieved the 
highest yield of 157 bu./ac and was statistically greater than the 2-pass system of Obey 
PRE fb Loyant pre-flood with a yield of 125 bu./ac (Fig. 4).
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Significance of Findings
The results of this experiment indicate that Loyant can be beneficial in controlling 
problematic grass species commonly found in Arkansas rice acres if it is applied in a 
system involving multiple residual herbicides PRE and EPOST. This data also suggest 
that programs containing multiple herbicide modes of action and application timings 
will be most effective and necessary in combating these troublesome weeds. 
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Fig. 1. Barnyardgrass efficacy data 14 days after the pre-emergence application in 2018. 
Abbreviations. UTC, untreated control; LSD, least significant difference
Letters denote significant differences between treatments.
Fig. 2. Barnyardgrass and broadleaf signalgrass efficacy data 15 days after the early post-
emergence application in 2018. Abbreviations. UTC, untreated control; Comm., Command; 
fb, followed by; BYG, barnyardgrass; BLSG, broadleaf signalgrass
Letters denote significant differences between treatments.
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Fig. 3. Barnyardgrass and broadleaf signalgrass efficacy data 15 days after the pre-flood 
application in 2018. Abbreviations. UTC, untreated control; Comm., Command; fb, followed 
by; BYG, barnyardgrass; BLSG, broadleaf signalgrass
Letters denote significant differences between treatments.
Fig. 4. Rice yield data 119 days after the pre-flood application in 2018. Abbreviations. UTC, 
untreated control; Comm., Command; fb, followed by; LSD, least significant difference
Letters denote significant differences between treatments.
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PEST MANAGEMENT: WEEDS
Evaluation of Weedy Rice Control in 
Provisia Systems using Benzobicyclon
J.A. Patterson1, J.K. Norsworthy1, L.T. Barber2, M. Zaccaro1, and Z.D. Lancaster1
Abstract
Weedy rice (Oryza sativa) is difficult to control in rice cropping systems due to its 
similarity to cultivated rice in combination with a high risk for evolution of herbicide 
resistance. With further developing herbicide resistance, the need for new sites of action 
(SOA) in rice production is essential. Gowan Company is actively pursuing registration 
of benzobicyclon (Rogue), a Group 27 4-hydroxyphenylpyruvate dioxygenase (HPPD) 
herbicide, as a post-flood option in rice. It will be the first HPPD herbicide commer-
cially available in U.S. rice production. In 2018, a field experiment was conducted at 
the University of Arkansas System Division of Agriculture's Pine Tree Research Station 
near Colt, Arkansas. The experiment was implemented as a randomized complete block 
design with four replications. The objective of the experiment was to evaluate benzo-
bicyclon-containing weedy rice control programs, most of which contain Provisia™ 
herbicide, in rice compared to a two-pass Provisia alone program. The herbicides used 
in the trial included Prowl H20 (pendimethalin), Bolero (thiobencarb), Warrant (aceto-
chlor), pethoxamid, Provisia (quizalofop), and Rogue (benzobicyclon). The herbicides 
were applied in various combinations and timings, except all Rogue applications were 
post-flood. At two weeks after the post-flood application, >80% weedy rice control was 
observed for treatments sprayed at 4-leaf stage with Provisia followed by a post-flood 
application of Rogue. At four weeks after the post-flood application, the same treatment 
improved to >90% weedy rice control. No more than 9% injury was observed from 
treatments containing Provisia followed by Rogue, and yield from these treatments 
averaged 66 bu./ac higher than the treatment containing Provisia followed by Provisia. 
All other evaluated treatments severely injured rice or were noneffective. Therefore, the 
addition of benzobicyclon in Provisia rice systems could be a viable rice weed control 
option but additional years of research are needed to further validate this conclusion. 
Introduction
Weedy rice has long been one of the most damaging weeds in direct-seeded rice 
cropping systems (Burgos et al., 2014) and can cause up to 80% yield loss and reduction 
1 Graduate Assistant, Professor, and Graduate Assistants, Department of Crop, Soil, and Environmental 
Sciences, Fayetteville.
2 Professor, Department of Crop, Soil, and Environmental Sciences, Lonoke.
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in grain quality (Shivrain et al., 2010). Benzobicyclon is a new rice herbicide actively 
being evaluated for use as a post-flood option to control mid-South rice weeds, including 
weedy rice. Benzobicyclon controls a broad spectrum of aquatics, broadleaves, grasses, 
and sedges, including those currently resistant to Group 2 acetolactate synthase (ALS) 
herbicides (Young, 2017). Benzobicyclon does not directly inhibit 4-hydroxyphenyl-
pyruvate dioxygenase (HPPD) enzymes in plants (Komatsubara et al., 2009). Rather, 
benzobicyclon is hydrolyzed in paddy rice to the potent and phytotoxic compound benzo-
bicyclon hydrolysate. Hence, it is imperative for growers to maintain a continuous flood 
throughout the growing season for benzobicyclon to perform optimally (Young, 2017).
Procedures
A field experiment was conducted at the University of Arkansas System Division 
of Agriculture's Pine Tree Research Station near Colt, Arkansas in the summer of 2018 
to evaluate benzobicyclon-containing weedy rice control programs in the mid-South 
compared to currently used programs. Provisia rice (PVL01) was planted on 14 May 
2018 at a 0.75-inch depth at a seeding rate of 22 seeds per row foot. Two treatments 
received a delayed pre-emergence (DPRE) application of Prowl H20 (pendimethalin) and 
Bolero (thiobencarb). One of those treatments received a post-emergence application 
of Warrant (acetochlor) at both the 1- and 4-leaf stage of rice. The other treatment that 
received the DPRE application received a post-emergence application of pethoxamid 
at the 1- and 4-leaf stage. Both of those treatments received a post-flood application of 
Rogue (benzobicyclon). Two other treatments received a 4-leaf application of Provisia 
(quizalofop). One was followed by a preflood application of Provisia, and the other was 
followed by a post-flood application of Rogue. The last treatment received a preflood 
application of Provisia followed by a post-flood application of Rogue. Rogue was ap-
plied at 8.4 fl oz/ac across all benzobicyclon-containing treatments. Applications were 
made using a CO2-pressurized backpack sprayer calibrated to deliver 15 gal/ac at a 
3-mph walking speed.
Data collected consisted of weedy rice control, visible crop injury, delayed head-
ing, and yield. Visible weedy rice control and injury ratings were taken from 2 to 6 
weeks after the initial application. Treatments were rated on a 0 to 100 scale, with 0 
being no weed control or injury and 100 being complete weed or crop death. Delayed 
heading data were recorded when each plot reached 50% maturity. Plots were harvested 
for yield using a small-plot combine, and rough rice grain yield was adjusted to 12% 
moisture. All data were analyzed and subjected to analysis of variance and means were 
separated by Fisher’s protected least significant difference (α = 0.05)
Results and Discussion
At 34 days after treatment (DAT), treatments containing Provisia applied at the 
4-leaf rice stage followed by a post-flood application of Rogue provided >90% weedy 
rice control (Table 1). All visible injury ratings were <10%, except for Warrant-con-
taining treatments (Table 2). The Warrant-containing treatment severely injured rice at 
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a level of 79%. The high level of injury from Warrant can be attributed to sequential 
applications followed by rainfall or flood establishment and then an application of Rogue 
to injured rice. Treatments containing Provisia applied at the 4-leaf stage followed by 
Rogue delayed rice heading the least, while treatments containing Warrant delayed 
heading the greatest. Treatments containing Provisia followed by Rogue yielded on 
average 66 bu./ac higher than the treatment containing Provisia followed by Provisia, 
likely because of the hemp sesbania (Sesbania herbacea) that was not adequately 
controlled in these plots. 
Significance of Findings
Rogue, or benzobicyclon, is a new site of action for rice growers in the mid-South. 
It will allow growers to effectively control weedy rice, especially in Provisia Rice sys-
tems. Furthermore, the addition of benzobicyclon into current mid-South rice herbicide 
programs will provide growers with a non-traited, post-flood weedy rice control option. 
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Table 1. Visible weedy rice control at 14 and 34 days 
after a post-flood application of Rogue. 
  Weedy rice control 
Herbicide (application timing)†  14 DAT‡ 34 DAT 
  --------------------%----------------------- 
Prowl H20 + Bolero (DPRE) fb 
  Pethoxamid (1-lf) fb Pethoxamid (4-lf) 
  fb Rogue (post-flood) 
 38 c§ 68 cd 
Prowl H20 + Bolero (DPRE) fb Warrant 
  (1-lf) fb Warrant (4-lf) fb Rogue 
  (post-flood)  
 73 b 98 ab 
Provisia (4-lf) fb Rogue (post-flood)   83 a 92 ab 
Provisia (preflood) fb Rogue 
  (post-flood)  
 9 d 78 bc 
Provisia (4-lf) fb Provisia (preflood)   77 ab 79 bc 
† delayed pre-emergence (DPRE); followed by (fb); leaf (lf). 
‡ days after treatment (DAT). 
§ Means followed by different lowercase letters in the same 
  column are statistically different at the 0.05 level. 
 
 
Table 2. Injury Provisia rice 14 days after the post-flood 
application of Rogue 
Herbicide (application timing)† Injury  Yield 
  %  bu./ac 
Nontreated  --  41 b 
Prowl H20 + Bolero (DPRE) fb Pethoxamid 
(1-lf) fb Pethoxamid (4-lf) fb Rogue (post-
flood) 
 
 6 bc‡  102 a 
Prowl H20 + Bolero (DPRE) fb Warrant (1-lf) 
fb Warrant (4-lf) fb Rogue (post-flood)  
 
 79 a  41 b 
Provisia (4-lf) fb Rogue (post-flood)  
 
 5 bc  109 a 
Provisia (preflood) fb Rogue (post-flood)  
 
 9 b  125 a 
Provisia (4-lf) fb Provisia (preflood)   0 c  50 b 
† Delayed pre-emergence (DPRE); followed by (fb); leaf (lf). 
‡ Means followed by different lowercase letters in the same column are 
  statistically different at the 0.05 level. 
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Rice Response to Sequential Applications of Loyant™
H.E. Wright1, J.K. Norsworthy1, M.L. Zaccaro1, L.T. Barber2, and R.C. Scott3
Abstract
Loyant™ is a synthetic auxin herbicide from Corteva Agriscience™ released com-
mercially in 2018. Its unique site of action allows it to control problematic weeds 
in rice production, however little research has been conducted to assess rice varietal 
tolerance to Loyant. Two field experiments were conducted in 2018 at the University 
of Arkansas System Division of Agriculture's Pine Tree Research Station (PTRS) and 
the Rice Research and Extension Center (RREC) to evaluate varietal responses to se-
quential applications of Loyant. Varieties evaluated were the long-grain, inbred cultivar 
CL111, the medium-grain, inbred cultivar CL272, and the long-grain, hybrid cultivar RT 
CLXL745. Loyant was applied at 1 or 2 pt/ac when rice was at the 2- to 3-leaf stage. A 
second Loyant application was made 4 to 5, 11 to 13, 14 to 18, or 20 to 21 days after 
the first application at the same rate. Injury was recorded 2 weeks after the second ap-
plication, and yield data were collected at harvest. The hybrid variety was significantly 
injured at both locations with as much as 63% injury, while the long-grain cultivar was 
less injured with only 12% injury. Though there were significant differences in injury, 
there were no significant differences in relative yield, regardless of rate or number of 
days between applications. However, the hybrid variety expressed a 10–15% reduction 
in yield from the non-treated control. Results from these experiments indicate that if 
Loyant will be used for weed control, a long- or medium-grain variety should be planted 
rather than a hybrid variety. 
Introduction
Loyant™ is a new broad-spectrum herbicide from Corteva Agriscience™ with 
the active ingredient florpyrauxifen-benzyl trademarked as Rinskor™ active. Previous 
research has shown that Loyant has strong activity on troublesome weeds, providing 
97% control of barnyardgrass, 98% control of hemp sesbania, and 96% control of 
Palmer amaranth 14 days after treatment (Miller and Norsworthy, 2018; Norsworthy 
1 Graduate Assistant, Professor, and Graduate Assistants, respectively, Department of Crop, Soil, and 
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2 Professor, Department of Crop, Soil, and Environmental Sciences, Lonoke.
3 Professor and Director, Rice Research and Extension Center, Stuttgart.
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et al., 2013). This indicates Loyant will be a good fit as a rotational herbicide for weed 
control in rice. 
Loyant can be applied on rice at a maximum of 1 pt/ac per application beginning 
at the 2-leaf growth stage up to 60 days pre-harvest. Two applications are permitted 
each year with a minimum of 14 days between applications (Anonymous, 2017). No 
published data exists describing injury from Loyant; however the product label indi-
cates injury from Loyant can be seen as typical auxin injury: leaf curling and reduced 
height (Anonymous, 2017). 
 Experiments have been conducted on varietal differences in response to 
herbicides in many crops, including rice. One example in rice is varietal response to 
clomazone, where the long-grain variety, Drew had greater tolerance to clomazone 
than several medium grain varieties (Zhang et al., 2004). Additionally, an experiment 
conducted by Pantone and Baker (1992) indicated the rice variety Lemont was more 
sensitive to an application of triclopyr, another auxin herbicide, than either Mars or 
Tebonnet, especially when triclopyr was applied at a high rate when rice was in the 
2- to 3-leaf growth stage.
While several experiments have measured weed control provided by Loyant, no 
experiments have been conducted to determine if varietal differences exist regarding 
specific applications of Loyant. Thus, the objective of this experiment was to determine 
the extent of injury from sequential applications of Loyant on three varieties when ap-
plications are made at different day intervals.
Procedures
This experiment was conducted in two locations in 2018: at the University of 
Arkansas System Division of Agriculture's Pine Tree Research Station ( PTRS) near 
Colt, Arkansas and the Rice Research and Extension Center (RREC) near Stuttgart, 
Arkansas. Both trials were set up as a randomized complete block, four-factor-factorial 
design with factor A being variety, factor B being rate of early post-emergence (EP-
OST) application, factor C being timing between applications, and factor D being rate 
of second application. Long-grain variety CL111, medium grain variety CL272, and 
hybrid variety RT CLXL745 were drill-seeded by a cone planter into tilled soil at 30 
seeds/ft2 for CL111 and CL272 and 12 seeds/ft2 for RT CLXL745. The EPOST ap-
plication was made when rice was at the 2- to 3-leaf growth stage, where Loyant was 
applied at 1 pt/ac or 2 pt/ac. The second application of Loyant was made 4, 11, 14, or 
20 days after EPOST at RREC and 5, 13, 18, and 21 days after EPOST at PTRS. For 
the second application, Loyant was applied at 1 or 2 pt/ac such that treatments were 
1 pt/ac followed by 1 pt/ac or 2 pt/ac followed by 2 pt/ac. A non-treated check was 
included for each variety. Methylated seed oil (MSO with Leci-Tech) was added to all 
Loyant applications at 0.5 pt/ac. Note, applications made less than 14 days apart and 
applications exceeding 1 pt/ac are off label and not recommended. 
These trials were kept weed-free through the use of both herbicides and hand 
weeding. The weed-free herbicide program included Command at 0.8 pt/ac at planting 
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and applications of Ricestar HT at 24 fl oz/ac, Permit at 1 oz/ac, Facet L at 32 fl oz/ac, 
and SuperWham at 3 qt/ac as needed. Plots were 17 ft long and 9 drilled rows wide. All 
treatments were made at 3 miles per hour using a CO2-pressurized backpack sprayer 
delivering 15 gal/ac and 40 psi. 
Visible injury ratings were taken 2 weeks after the second post application for all 
varieties. Injury included leaf malformations such as onion-leafing and buggy-whipping, 
reduced biomass, and reduced height. Injury was measured as a percent of the nontreated 
check, where 0% equals no injury and 100% equals plant death. Additionally, yield 
data was taken at harvest. All data were analyzed using JMP PRO 14 by analysis of 
variance using Fisher’s protected least significant difference (α = 0.05). Injury ratings 
and yield data were analyzed by location for each variety.
Results and Discussion
Long-Grain Rice Response
At PTRS, there were no significant interactions or main effects of rate or days 
between the first and second application. The labelled application of 1 pt/ac followed 
by 1 pt/ac with over 15 days between applications resulted in 5% injury at PTRS (Fig. 
1). There was a significant main effect at RREC of rate. Treatments where 2 pt/ac were 
followed by 2 pt/ac resulted in the highest injury at 12%. The labelled application resulted 
in 6% injury. There were no differences in yield between treatments (data not shown). 
Medium-Grain Rice Response
At PTRS, there were no significant interactions between the rate of the appli-
cations and days between applications, however there were significant main effects. 
There was 18% injury 2 weeks after the second application when the second applica-
tion was made 13 or 18 days after the first (Fig. 2). Since there was no interaction, this 
is averaged over rate. Applications made 21 days apart resulted in the least amount of 
injury 2 weeks after the second application with 8% injury. At RREC, there were no 
significant interactions or main effects on injury after the second application; however, 
injury tended to be numerically higher when applications were made 14 days or less 
apart (Fig. 2). Applications made 20 days apart resulted in the least numerical amount of 
injury at 20%. There were no significant differences in yield among treatments at PTRS 
(Fig. 3). At RREC, treatments where applications were made 11 days apart resulted in 
higher yields than treatments where applications were made 14 or 20 days apart. This 
may be due to rice having more time to recover from the earlier application. There was 
no difference in yield between the nontreated check and treatments where applications 
were made 4 or 11 days apart.
Hybrid Rice Response
At PTRS, the main effect of rate was significant where again, treatments with 
Loyant at 2 pt/ac caused 25% injury, averaged over days between application. At 
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RREC, the main effects of rate and days between applications were significant. Loyant 
applied at 2 pt/ac for both applications resulted in 46% injury, where Loyant applied 
at 1 pt/ac resulted in 27% injury. Additionally, 4 days between applications resulted 
in 63% injury, regardless of rate, while 21 days between applications resulted in 11% 
injury (Fig. 4). Yields at PTRS were significantly lower than the nontreated check for 
all treatments, regardless of number of days between applications (Fig. 5). At RREC, 
yields for treatments where applications were made 4 days apart were not different than 
the check, however, yields for treatments at all other timings were significantly lower.
Significance of Findings
Results from these experiments indicate that Loyant can cause injury, even when 
the label directions are followed. Generally, more days between sequential applications 
results in less injury. With no significant injury or yield reductions, the long-grain, inbred 
variety was most tolerant to sequential applications of Loyant. The hybrid variety was 
least tolerant to sequential applications of Loyant, and there was a reduction in yield for 
nearly all treatments. If sequential applications of Loyant are going to be utilized during 
the growing season, an inbred variety should be planted. Future research is needed to 
evaluate injury and varietal tolerances when Loyant is used in a herbicide program and 
when Loyant is applied as a mixture with other rice herbicides.
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Fig. 1. Injury of CL111 2 weeks after the second Loyant application for both the University 
of Arkansas System Division of Agriculture's Pine Tree Research Station (PTRS) and Rice 
Research and Extension Center (RREC). Injury shown is shown by days between the first 
and second, averaged over rate. Means are separated by Fisher’s protected least significant 
difference (P = 0.05). Means with the same letter are not significantly different. Uppercase 
letters represent means for PTRS, and lowercase letters represent means for RREC.
Fig. 2. Injury of CL272 2 weeks after the second Loyant application for both the University 
of Arkansas System Division of Agriculture's Pine Tree Research Station (PTRS) and 
Rice Research and Extension Center (RREC). Injury shown is from the main effect of 
timing between the first and second Loyant application, averaged over the rate of both 
applications. Means are separated by Fisher’s protected least significant difference (P = 
0.05). Means with the same letter are not significantly different. Uppercase letters represent 
means for PTRS, and lowercase letters represent means for RREC.
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Fig. 3. Yield for CL272 shown for both the University of Arkansas System Division of 
Agriculture's Pine Tree Research Station (PTRS) and Rice Research and Extension Center 
(RREC) by number of days between applications and averaged over rate. Means are 
separated using Fisher’s protected least significant difference (P = 0.05) and means with 
the same letter are not significantly different. Uppercase letters represent means for PTRS, 
and lowercase letters represent means for RREC.
Fig. 4. Injury of RT CLXL745 2 weeks after the second Loyant application for both the 
University of Arkansas System Division of Agriculture's Pine Tree Research Station (PTRS) 
and Rice Research and Extension Center (RREC). Injury shown is from the main effect of 
timing between the first and second Loyant application, averaged over the rate of both 
applications. Means are separated by Fisher’s protected least significant difference (P = 
0.05). Means with the same letter are not significantly different. Uppercase letters represent 
means for PTRS, and lowercase letters represent means for RREC.
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Fig. 5. Yield for RT CLXL745 shown for both the University of Arkansas System Division 
of Agriculture's Pine Tree Research Station (PTRS) and Rice Research and Extension 
Center (RREC) by number of days between applications and averaged over rate. Means are 
separated using Fisher’s protected least significant difference (P = 0.05) and means with 
the same letter are not significantly different. Uppercase letters represent means for PTRS, 
and lowercase letters represent means for RREC.
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PEST MANAGEMENT - WEEDS
Evaluation of Rice Tolerance to Topramezone 
in Combination with Propanil
M.L. Zaccaro1, J.K. Norsworthy1, Z.D. Lancaster1 and R.C. Scott2 
Abstract
A field trial was conducted in 2018 to evaluate rice tolerance to combinations of topra-
mezone (Armezon) and propanil (Riceshot). Topramezone is a 4-hydroxyphenolpyru-
vate dioxygenase (HPPD)-inhibiting herbicide that could potentially be utilized in rice 
production as an option to control herbicide-resistant weeds if labelled. Topramezone 
and propanil treatments were applied alone or in combination to 3-leaf rice of the 
CL153 cultivar. Visible estimates of crop injury were taken at 14, 21, and 28 days after 
treatment (DAT), and rough rice grain yield measured. Overall, visible injury was low, 
ranging from 0% to 13% by 14 DAT and 2% to 10% by 21 DAT. Injury levels decreased 
to zero by 28 DAT for all treatments. Treatments with Armezon did not significantly 
impact rice grain yield compared to the nontreated check. Because of the low level of 
injury observed in this trial, topramezone should continue to be evaluated in rice as a 
weed control option.
Introduction
An increased frequency of herbicide-resistant weeds has necessitated the utiliza-
tion of novel management practices, which may include the implementation of different 
herbicide modes of action that are not currently being used in rice weed control programs 
(Norsworthy et al., 2013). Additionally, consultants from Arkansas and Mississippi 
pointed to the need for more options to control barnyardgrass (Echinochloa crus-galli 
(L.) Beauv.) and Palmer amaranth (Amaranthus palmeri S. Wats.) in rice fields (Nor-
sworthy et al., 2013).
Benzobicyclon is a 4-hydroxyphenolpyruvate dioxygenase (HPPD)-inhibiting 
herbicide that is being evaluated as an option for weed control. According to previous 
research, benzobicyclon may provide adequate levels of weed control if applied post-
flood (Young et al., 2018). However, according to Young et al. (2017), benzobicyclon 
resulted in severe injury and yield reduction to indica inbred rice cultivars.
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of Crop, Soil, and Environmental Sciences, Fayetteville.
2 Professor and Director, Rice Research and Extension Center, Stuttgart.
225
  B.R. Wells Arkansas Rice Research Studies 2018
Topramezone, another HPPD-inhibiting herbicide, is currently labelled for use in 
corn, sugarcane, or fallow land to control grass and dicot weeds (Anonymous, 2019). 
Studies have been conducted to verify weed control efficacy and the tolerance of rice 
to topramezone applied alone and in combination with other herbicides (Moore et al., 
2017). According to this research, barnyardgrass control was generally high and injury 
to rice was lower than 5% by 28 DAT for all mixtures used in the study. However, in 
a study performed in 2017, injury to rice caused by topramezone was reported to be 
as high as 95% (Moore et al., 2018). Therefore, more research is needed to determine 
optimal herbicide levels which reduce negative effects on rice while achieving high 
levels of weed control.
The purpose of this research was to evaluate rice tolerance to various combina-
tions of topramezone and propanil.
Procedures
A field study was conducted in 2018 at the University of Arkansas System Division 
of Agriculture's Rice Research and Extension Center located near Stuttgart, Arkansas. 
Clearfield rice CL 153 was drill-seeded on 19 April 2018 at a seeding rate of 24 seeds/
row ft on 7.5-in.-wide rows. Command 3ME at 8 fl oz/ac was applied to the entire test 
at planting. Plot size was 7 × 17 feet, and the experiment was set up as a randomized 
complete block design with four replications.
Topramezone was applied as Armezon (2.8 lb ae/gal) at 0.50 and 0.2 fl oz/ac 
with and without propanil formulated as Riceshot LC at the rate of 2, 3 and 4 qt/ac. 
Treatments were applied early-post-emergence when the rice was at the 3-leaf growth 
stage with a CO2-pressurized backpack sprayer calibrated to deliver 15 gal/ac. All plots 
were grown according to the University of Arkansas System Division of Agriculture's 
Cooperative Extension Service recommendations.
Data collected included visible estimates of injury at 14, 21, and 28 days after 
treatment (DAT). Rice grain was harvested at maturity using a small-plot combine. 
Data were subjected to analysis of variance, and means were separated using Fisher’s 
protected least significant difference with α = 0.05.
Results and Discussion
Overall, visible injury was low, ranging from 0% to 13% by 14 DAT and 2% to 
10% by 21 DAT (Table 1). Neither of the Armezon alone treatments caused more than 
4% injury to rice. The addition of Riceshot to Armezon often did increase injury at 14 
DAT. Rice exhibited excellent recovery to the evaluated herbicide treatments, with lower 
injury levels at 21 DAT than at 14 DAT for most treatments. No injury was observed for 
any treatment by 28 DAT (data not shown). The levels of crop injury exhibited in this 
trial agree with a study conducted by Moore et al. (2017) in which very low levels of 
injury were observed across treatments that included Armezon alone and in combina-
tion with other rice herbicides.
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The average rough grain yield was 8451 lb/ac, and no statistical differences were 
observed among the treatments, except for 0.05 fl oz of Armezon plus 4 qt of Riceshot, 
which resulted in lower yield than treatments with Riceshot alone.
Significance of Findings
According to the results of this study, it is possible to include topramezone as a 
weed control option in drill-seeded rice if labelled. The level of crop injury observed 
was generally low across treatments that included the HPPD-inhibiting herbicide. 
Moreover, the addition of a new mode of action would increase options for controlling 
multiple-resistant weeds while reducing selection for resistance to the herbicides that 
are currently being used in rice production systems.
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Table 1. Rice visible injury at 14 and 21 days after treatment (DAT) 
and grain yield influenced by herbicide treatment of Armezon 
or Riceshot alone or in combination†. 
 Herbicide Visible injury 
Rough rice 
yield 
Treatment rate 14 DAT 21 DAT  
 (per acre) --% of untreated-- lb/acre 
Nontreated  - - 8314 ab 
Armezon 0.05 fl oz 2 bc‡ 2 a 8082 ab 
Armezon 0.2 fl oz 1 bc 4 a 8109 ab 
Riceshot 2 qt 3 bc 7 a 9223 a 
Armezon + Riceshot 0.05 fl oz + 2 qt 5 abc 6 a 8657 ab 
Armezon + Riceshot 0.2 fl oz + 2 qt 13 a 10 a 8539 ab 
Riceshot 3 qt 8 abc 8 a 8398 ab 
Armezon + Riceshot 0.05 fl oz + 3 qt 5 abc 4 a 8013 ab 
Armezon + Riceshot 0.2 fl oz + 3 qt 8 abc 6 a 8742 ab 
Riceshot 4 qt 2 bc 2 a 9401 a 
Armezon + Riceshot 0.05 fl oz + 4 qt 0 c 5 a 7826 b 
Armezon + Riceshot 0.2 fl oz + 4 qt 8 abc 8 a 8394 ab 
† All treatments received an application of Command at 8 fl oz/acre at planting. 
‡ Means followed by the same letter within a column are not statistically different 
  at α = 0.05 according to Fisher’s protected least significant difference test. 
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2018 Degree-Day 50 (DD50) Thermal Unit Thresholds for New 
Rice Cultivars and Seeding Date Studies
E. Castaneda-Gonzalez1, J.T. Hardke1, D.L. Frizzell1, R.J. Norman2, W.J. Plummer1, 
K.F. Hale1, T.D. Frizzell1, K.A.K. Moldenhauer1, and X. Sha1
Abstract
The Degree-Day 50 (DD50) computer program is one of the most successful manage-
ment aids developed by the University of Arkansas System Division of Agriculture. 
This program predicts critical growth stages that assist in increasing the effectiveness of 
crop management operations. In order to maintain its relevance, the computer program 
must be updated continually as new rice cultivars become available to growers. To ac-
complish this goal, studies are conducted in a controlled research environment where 
developmental data and DD50 thermal unit thresholds for current and new cultivars 
are determined. Throughout the 2018 season, DD50 thermal unit accumulation, devel-
opmental data, and the effect of seeding date (SD) on grain and milling yield potential 
for twenty cultivars were evaluated over six SDs under a dry-seeded, delayed-flood 
management system commonly used in southern U.S. rice production. Significant differ-
ences in grain and milling yield were observed for all twenty cultivars at each location. 
Introduction
The Degree-Day 50 (DD50) is an outgrowth of the growing degree-day concept 
where daily high and low air temperatures are used to determine a day’s thermal quality 
for plant growth. Conceived in the 1970s as a tool to time midseason nitrogen (N) ap-
plications, the DD50 computer program has grown into a management aid that provides 
predicted dates for timing twenty six key management decisions including fertiliza-
tion, pesticide applications, permanent flood establishment, times for scouting insect 
and disease, predicted draining date and suggested harvest time (Hardke et al., 2014).
Beginning at emergence, the DD50 (days with a minimum average temperature 
of at least one degree above 50 °F) generates a predicted, cultivar specific, rice plant 
development file based in the accumulation of DD50 units calculated using the formula: 
1 Program Associate I, Rice Extension Agronomist, Program Associate III, Program Technician I, 
Program Associate I, Program Technician I, Professor, and Professor, and respectively, Department of 
Crop, Soil, and Environmental Sciences, Stuttgart.
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DD50 = (Daily Maximum + Daily Minimum / 2) – 50, considering that Maximum tem-
perature = 94 ºF if maximum temperature is >94 ºF, and Minimum temperature = 70 ºF 
if minimum temperature is >70 ºF. The growth stages predicted are: beginning optimum 
tillering, beginning internode elongation (BIE), half-inch internode elongation (1/2 
inch IE), 50% heading, drain date, and 20% grain moisture (Hardke et al., 2014). The 
initial file is created by calculating thermal unit accumulation using a 30-year average 
weather data set collected by the National Weather Service weather station closest to a 
rice producer’s location in Arkansas. As the season progresses, the program is updated 
with the current year’s weather data on a daily basis which improves accuracy. 
The data used to predict plant development for a specific cultivar are generated in 
yearly studies where promising experimental lines and newly released conventional and 
hybrid rice cultivars are evaluated in four to six seeding dates (SDs) per season within 
the recommended range of rice SDs for Arkansas. Once a new cultivar is released, the 
information obtained in these studies is utilized to provide threshold DD50 thermal units 
to the DD50 computer program that enables the prediction of dates of plant developmen-
tal stage occurrences and predictions of suggested dates when particular management 
practices could be performed. Therefore, the objectives of this study were to develop 
a DD50 thermal accumulation database for promising new cultivars, verification and 
refinement of the existing database of current cultivars, and assessment of the effect of 
SD on DD50 thermal unit accumulation, and also effects of SD on grain and milling 
yields of a particular cultivar for the identification of optimal SDs.
Procedures
The 2018 DD50 study was conducted at the University of Arkansas System 
Division of Agriculture’s Rice Research and Extension Center (RREC) near Stuttgart 
on a DeWitt silt loam soil, and the Pine Tree Research Station (PTRS) near Colt on a 
Calloway silt loam. Fifteen pure-line cultivars (ARX7-1084, CL151, CL153, CL172, 
CL272, CLL15, CLX5-4083, CLX6-1133, Diamond, Jupiter, LaKast, PVL01, Roy J, 
Titan, and Wells) were dry-seeded at a rate of 30 seed/ft2 in plots 9 rows wide (7.5-inch 
spacing) and 16.5 ft long, and 5 hybrids (RT 7311 CL, RT CLXL745, RT Gemini 214 
CL, RT 7801, and RT XP753) were seeded into plots of the same dimensions using the 
reduced seeding rate for hybrids (10.3 seeds/ft2). The SDs for 2018 were 21 March, 
5 April, 20 April, 2 May, 15 May, and 4 June for RREC, and 22 March, 5 April, 19 
April, 2 May, 15 May, and 5 June for PTRS. General agronomic information is shown 
in Tables 1 and 2. Cultural practices established for dry-seeded, delayed-flood rice 
production were followed. A single preflood nitrogen (N) application of 130 lb N/acre 
and 145 lb N/acre for RREC and PTRS, respectively, was applied as urea to all plots at 
the 4- to 5-leaf growth stage and flooded within 2 days of preflood N-fertilization. The 
flood was maintained until maturity. The collected data for all seeding dates included: 
maximum and minimum temperatures, date of seedling emergence, and the number of 
days and DD50 units required to reach 50% heading. The number of days and DD50 
thermal units required to reach 0.5-inch internode elongation (IE) was also collected 
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for the 22 March, 19 April, and 15 May SDs at the RREC location. At maturity, the 
four center rows in each plot were harvested, weight of grain and moisture content were 
recorded, and a subsample of harvested grain was taken for milling purposes on all 
SDs. The grain yield was adjusted to 12% moisture and reported on a bushel/acre (bu./
ac) basis. The dry rice was milled to obtain data on percent of head rice and percent of 
total white rice (%HR/%TR). The arrangement of each SD corresponded to a random-
ized complete block design with four replications. Statistical analyses were conducted 
using PROC GLM, SAS v. 9.4 and mean separation conducted using Fisher’s protected 
least significant difference (α =0.05) where appropriate.
Results and Discussion
Times between seeding and emergence ranged from 6 to 33 days, directly affect-
ing the required days from seeding to flooding and emergence to flooding (Tables 1 and 
2). In general, seeding date (SD) studies report a decrease in days between seeding and 
emergence as the seeding date is delayed. The 2018 study followed this general trend 
of decreasing days from seeding to emergence as SD was delayed from late March 
to late May. The time from seeding to establishment of permanent flood followed the 
same trend as the SD was delayed, ranging from 72 days for the 22 March to 28 days 
for the 5 June SDs at PTRS and 56 days for the 21 March to 29 days for the 4 June 
SD at RREC. The times from emergence to flooding in 2018 follow the same trend as 
SD was delayed.
 A decreasing trend was observed in days required to reach 0.5-inch IE from emer-
gence as SD was delayed at RREC; however, the number of DD50 units accumulated 
was similar across SD (Table 3). The cultivars PVL01 (average of 50 days and 1357 
DD50 units) and RT 7311 CL (average of 50 days and 1375 DD50 units) required the 
fewest days and DD50 units to reach 0.5-inch IE while Diamond, Wells, ARX7-1084, and 
CLX5-4083 required the most days and DD50 units. Time required for vegetative growth 
averaged across cultivars and SD was 53 days, ranging from 61 days in late March for 
CLX5-4083 and Diamond to 44 days for RT 7311 CL in mid-May. The DD50 thermal 
unit accumulation for vegetative growth was in the range of a low of 1419 for CLL15 
to a high of 1516 for Diamond and averaged 1444 across cultivars and SD at RREC.
The time needed to reach the developmental stage known as 50% heading from 
the time of emergence across SD and cultivars was 78 days at RREC and 79 days at 
PTRS (Tables 4 and 5). The time for cultivars to reach 50% heading ranged from 91 
days to 71 days at RREC and 87 to 67 days at PTRS across SD. For individual cultivars, 
the time required to reach 50% heading ranged from 91 days for PVL01 and Roy J at 
RREC when seeded in late March to 67–68 days for Titan at both locations for the 4–5 
June SD. For 2018, the thermal unit accumulation from emergence to 50% heading 
averaged 2277 at RREC and 2307 at PTRS across SD and cultivars. The individual 
cultivar DD50 thermal unit accumulation from emergence to 50% heading ranged from 
a low of 2064 for Titan and LaKast seeded 4 June to a high of 2454 for Roy J seeded 
20 April at RREC, and a low of 2007 for Titan and a high of 2496 for ARX7-1084 
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at PTRS. DD50 unit accumulation was generally higher for most cultivars in the 20 
April SD at RREC and for the 19 April SD at PTRS. In general, days and DD50 units 
accumulated from emergence to 50% heading were slightly greater for the PTRS loca-
tion at a higher latitude.
Average grain yield for the 2018 study was 215 bu/acre for RREC and 175 bu/
acre for PTRS across SDs (Tables 6 and 7). When averaged across cultivars, grain yield 
was highest when seeded on 5 April at RREC and 2 May at PTRS, and lowest when 
seeded 2 May at RREC and 22 March at PTRS. At PTRS, individual cultivar average 
yield was higher for most cultivars as the SD was delayed up to the May 2 SD, and 
decreased for the mid-May and early June SDs. Within the conventional cultivars, the 
most consistent across SD and locations were ARX7-1084, Diamond, Jupiter and Titan 
with a grain yield average above or similar to the overall averages for both locations. 
The hybrids RT Gemini 214 CL, RT CLXL745, RT XP753, RT 7311 CL and RT 7801 
performed well above the mean across SD and locations with average yields equal to 
or exceeding 200 bu./ac at RREC and 190 bu./ac at PTRS location (Tables 6 and 7). In 
general, grain yields were higher at RREC compared to PTRS.
During 2018, the milling yield averaged across SD and all cultivars was 57/69 
(%HR/%TR) and 56/68 at RREC and PTRS, respectively (Tables 8 and 9). Milling yield 
data exhibited a general trend for lower yields as SD was delayed, with an increase 
from the mid-May to the early June SD. This trend differs from that of previous years 
where head rice yields generally increase as SD was delayed (Frizzell et al., 2014; 
Castaneda-Gonzalez et al., 2017, 2018). Significant differences in percent head rice 
and percent total rice were observed among cultivars within each SD at both locations.
Significance of Findings
The data obtained during 2018 will be used to improve the DD50 thermal unit 
threshold for new cultivars and hybrids being grown. The grain and milling yield data 
contribute to the database of information used by University personnel to help pro-
ducers make decisions in regard to rice cultivar selection, in particular for early- and 
late-seeding situations.
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Table 1. General seeding, seedling emergence, and flooding date information for 
the Degree-Day 50 (DD50) seeding date study in 2018 at the Rice Research 
and Extension Center near Stuttgart, Arkansas. 
 Seeding Date 
Parameter 21 March 5 April 20 April 2 May 15 May 4 June 
Emergence date 15 April 27 April 3 May 9 May 21 May 11 June 
Flood date 16 May 22 May 1 June 5 June 13 June 3 July 
Days from seeding to emergence 25 22 13 7 6 7 
Days from seeding to flooding 56 47 42 34 29 29 
Days from emergence to flooding 31 25 29 27 23 22 
 
Table 2. General seeding, seedling emergence, and flooding date information 
for the Degree-Day 50 (DD50) seeding date study in 2018 at the 
Pine Tree Research Station near Colt, Arkansas. 
 Seeding Date 
Parameter 22 March 5 April 19 April 2 May 15 May 5 June 
Emergence date 23 April 2 May 4 May 10 May 21 May 13 June 
Flood date 1 June 1 June 7 June 7 June 13 June 3 July 
Days from seeding to emergence 33 27 15 8 6 8 
Days from seeding to flooding 72 57 49 36 29 28 
Days from emergence to flooding 39 30 34 28 23 20 
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 Table 3. Influence of seeding date on Degree-Day 50 (DD50) accumulations 
and days from emergence to 0.5-inch internode elongation of selected 
rice cultivars in studies during 2018 conducted at the Rice Research 
and Extension Center near Stuttgart, Arkansas. 
 Seeding Date  
 21 March 20 April 15 May Average 
  DD50  DD50  DD50  DD50 
Cultivar days units days units days units days units 
ARX7-1084 60 1441 53 1555 50 1513 54 1503 
CLL15 57 1356 51 1472 47 1429 52 1419 
CLX5-4083 61 1465 53 1540 49 1498 54 1501 
CLX6-1133 56 1325 50 1442 47 1429 52 1398 
Diamond 61 1465 54 1570 50 1513 55 1516 
PVL01 55 1278 49 1434 45 1359 50 1357 
RT 7311 CL 57 1340 50 1442 44 1343 50 1375 
RT Gemini 214 CL 59 1402 51 1472 47 1436 52 1436 
RT 7801 59 1394 51 1472 47 1413 52 1426 
Wells 60 1441 53 1555 50 1520 54 1505 
         
Mean 59 1391 51 1495 48 1445 53 1444 
LSD(α = 0.05)a 1.1 35.9 1.5 46.8 1.6 47.6 NSb 45.2 
a LSD = least significant difference. 
b NS = not significant. 
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Table 6. Influence of seeding date on grain yield of selected rice cultivars in studies during 
2018 conducted at the Rice Research and Extension Center, near Stuttgart, Arkansas. 
Cultivar 
Grain yield (bu./ac) by seeding date  
21 March 5 April 20 April 2 May 15 May 4 June Average 
ARX7-1084 247 250 233 197 229 209 228 
CL151 220 238 215 169 199 178 203 
CL153 222 219 204 173 179 175 195 
CL172 210 220 199 167 177 172 191 
CL272 222 231 210 172 186 188 201 
CLL15 233 251 217 178 190 195 211 
CLX5-4083 244 231 217 165 200 186 207 
CLX6-1133 205 223 209 188 200 181 201 
Diamond 246 251 221 191 207 202 220 
Jupiter 252 248 224 172 226 223 224 
LaKast 211 229 215 176 186 196 202 
PVL01 202 203 180 167 176 163 182 
Roy J 223 219 190 169 204 207 202 
RT 7311 CL  262 282 258 227 242 241 252 
RT CLXL745 238 256 237 203 229 226 232 
RT Gemini 214 CL  260 273 246 208 247 240 246 
RT 7801 267 273 240 241 212 252 247 
RT XP753 263 289 255 226 245 251 255 
Titan 236 245 206 172 215 209 214 
Wells 214 221 184 161 170 195 191 
        
Mean 234 243 218 186 206 204 215 
LSD(α=0.05)a 17 14 18 16 10 15 14 
a LSD = least significant difference. 
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Table 7. Influence of seeding date on grain yield of selected rice cultivars in studies 
during 2018 conducted at the Pine Tree Research Station, near Colt, Arkansas. 
Cultivar 
Grain yield (bu./ac) by seeding date  
22 March 5 April 19 April 2 May 15 May 5 June Average 
ARX7-1084 151 142 192 213 191 192 178 
CL151 165 148 215 213 187 166 176 
CL153 135 143 187 194 164 167 161 
CL172 126 132 174 185 144 163 150 
CL272 116 135 198 201 174 179 161 
CLL15 138 150 192 198 183 201 174 
CLX5-4083 132 132 180 185 157 173 156 
CLX6-1133 153 163 190 201 177 182 175 
Diamond 152 161 208 214 173 186 177 
Jupiter 137 127 189 186 185 205 168 
LaKast 140 143 193 193 169 187 166 
PVL01 137 136 164 173 153 160 152 
Roy J 149 152 200 193 170 193 171 
RT 7311 CL 185 199 241 237 210 192 205 
RT CLXL745 164 128 221 244 204 203 189 
RT Gemini 214 CL 183 198 235 248 229 242 220 
RT 7801 161 191 240 233 196 205 197 
RT XP753 196 196 243 244 191 228 211 
Titan 118 124 175 187 171 201 160 
Wells 121 121 181 183 175 168 154 
        
Mean 148 151 201 206 180 190 175 
LSD0.05 a 21 23 19 18 22 23 16 
a LSD = least significant difference. 
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Table 8. Influence of seeding date on milling yield of selected rice cultivars 
in studies during 2018 conducted at the Rice Research and 
Extension Center, near Stuttgart, Arkansas. 
Cultivar 
Milling yield (%HR/%TR)a by seeding date  
21 March 5 April 20 April 2May 15 May 4 June Average 
ARX7-1084 55-64 60-68 57-68 52-68 55-66 58-68 56-67 
CL151 61-70 63-70 61-70 58-70 56-67 57-69 60-69 
CL153 61-71 63-70 61-70 58-70 57-67 57-69 59-69 
CL172 61-70 60-69 59-69 58-69 56-66 57-67 59-68 
CL272 61-69 62-68 64-70 62-69 54-66 56-68 60-68 
CLL15 62-69 61-70 59-70 56-70 52-66 54-68 57-69 
CLX5-4083 63-71 59-69 58-69 54-69 50-66 51-66 56-68 
CLX6-1133 60-69 58-68 56-67 55-67 52-64 54-67 56-67 
Diamond 58-69 58-68 55-69 50-68 51-66 60-68 55-68 
Jupiter 61-68 61-67 62-67 62-68 56-65 54-69 59-67 
LaKast 56-69 57-69 55-70 50-70 49-67 57-68 54-69 
PVL01  59-70 60-69 58-70 56-69 52-65 56-69 57-69 
Roy J 60-70 55-69 53-69 52-70 53-67 58-69 55-69 
RT 7311 CL 58-70 58-69 55-69 52-69 53-68 57-68 55-69 
RT CLXL745 56-71 58-69 58-70 54-70 54-68 57-69 56-69 
RT Gemini 214 CL 59-69 59-99 57-69 55-69 54-66 57-69 57-68 
RT 7801 57-69 56-68 55-68 53-68 50-66 56-68 55-68 
RT XP753 60-70 60-71 58-70 51-70 53-69 59-70 57-70 
Titan 60-70 64-69 65-70 59-69 55-67 50-68 59-69 
Wells 61-71 59-69 56-70 48-70 50-68 58-69 55-70 
        
Mean 60-69 60-69 58-69 55-69 53-66 56-68 57-69 
LSD0.05b %HR NSc 2 1 4 2 5 2 
LSD0.05 %TR 3 1 1 1  1 2 1 
a %HR/%TR = percent head rice/percent total rice. 
b LSD = least significant difference. 
c NS = not significant. 
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Table 9. Influence of seeding date on milling yield of selected rice cultivars in studies 
during 2018 conducted at the Pine Tree Research Station, near Colt, Arkansas. 
Cultivar 
Milling yield (%HR/%TR)a by seeding date  
22 March 5 April 19 April 2 May 19 May 5 June Average 
ARX7-1084 54-67 53-66 54-67 53-66 53-67 65-71 55-68 
CL151 59-69 58-68 56-68 56-68 54-66 60-68 57-68 
CL153 60-69 59-68 57-68 56-68 57-67 63-70 59-68 
CL172 59-69 59-68 57-68 57-68 59-68 65-71 59-69 
CL272 55-69 59-68 56-68 59-68 55-66 54-70 56-68 
CLL15 58-69 58-68 57-68 57-68 55-67 63-71 58-68 
CLX5-4083 55-68 56-67 52-67 52-67 50-67 61-69 55-67 
CLX6-1133 58-69 57-68 55-67 54-66 54-65 61-69 57-67 
Diamond 54-68 52-68 52-68 53-67 55-67 61-70 55-68 
Jupiter 58-67 60-66 60-66 59-66 56-65 53-67 58-66 
LaKast 54-68 53-67 53-67 52-68 51-67 63-71 54-68 
PVL01 58-69 57-68 53-66 51-66 53-66 62-71 56-68 
Roy J 55-69 52-67 54-68 52-67 55-67 63-71 55-68 
RT 7311 CL 52-67 52-67 53-68 54-68 49-66 59-68 53-67 
RT CLXL745 58-69 57-67 56-68 57-68 55-67 64-71 58-68 
RT Gemini 214 CL 54-67 53-66 54-64 56-66 54-66 63-71 55-67 
RT 7801 54-66 52-66 53-67 52-67 47-65 58-70 53-67 
RT XP753 56-69 56-68 54-68 55-69 51-67 63-71 56-69 
Titan 57-68 59-66 59-67 60-67 51-66 58-69 57-67 
Wells 55-69 52-68 48-67 49-68 51-69 63-72 53-69 
        
Mean 56-68 56-67 55-67 55-67 53-67 61-70 56-68 
LSD0.05 b % HR 4 3 3 3 5 3 2 
LSD0.05 % TR 1   1 2 1  1  1  1  
a %HR/%TR = percent head rice/percent total rice. 
b LSD = least significant difference. 
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RICE CULTURE
Agronomics of Alternative Irrigation of Rice
J.L. Chlapecka1, J.T. Hardke2, D.L. Frizzell2, E. Castaneda-Gonzalez2, W.J. Plum-
mer2, K. Hale2, T. Frizzell2, M. Duren3, M. Mann3, S. Clark4, and A. Ablao4
Abstract
Considering recent advances in technology and cultural management practices as well 
as concerns about water availability and farm labor, alternative irrigation strategies have 
gained increasing interest in rice (Oryza sativa L.) production. Success can be realized 
with these alternative systems, but irrigation guidelines have not been defined. Trials 
were initiated in 2018 to address the strategies of alternatively irrigated rice compared 
to conventional flooded systems. Large-block trials were conducted at the University of 
Arkansas System Division of Agriculture’s Pine Tree Research Station (PTRS) on a silt 
loam soil texture as well as at the Northeast Research and Extension Center (NEREC) 
on a clay soil texture. Both furrow-irrigated rice (FIR) and alternate wetting and dry-
ing (AWD) trials were conducted with soil moisture deficit thresholds of 15, 30, and 
45 centibar (cb) and compared to a conventional flood control. The 2018 results of the 
parameters measured showed little difference among irrigation treatments, including 
no differences between AWD and conventional flood management. Although no yield 
differences existed between FIR treatments, FIR did yield significantly less than conven-
tionally flooded rice at NEREC. Results suggest that irrigation quantity and frequency 
can be reduced in some situations without significant yield penalty.
Introduction
A total of 93.1% of Arkansas’ rice production utilizes a conventional flood system, 
either with the levee and gate system or multiple inlet, leaving a very small portion 
utilizing alternative irrigation strategies (Hardke, 2018). Approximately 3.5% of acres 
are furrow-irrigated (FIR) and 3.3% utilize intermittent flooding or alternate wetting 
and drying (AWD). Although a total of 6.8% is relatively small, near 100,000 acres are 
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employing alternative irrigation strategies and this number has risen from only about 
32,000 acres in 2015. Much like the conventional flood system, both FIR and AWD 
have nitrogen (N) fertilizer and irrigation applied at the 4-5 leaf growth stage; however, 
a permanent flood is not established in FIR, although a levee is oftentimes constructed 
at the lower end of the field to capture excess irrigation water. Rice grown under AWD 
conditions has a permanent flood established, but the flood is then allowed to draw down 
and naturally subside after the N fertilizer has been taken up by the rice. 
Producers utilizing alternative irrigation strategies currently do not have firm 
guidelines on irrigation timing. Most producers using the FIR system apply irrigation 
on a weekly or twice-weekly schedule, depending on water source and availability. The 
flood on rice grown under the AWD system is commonly re-established when the paddy 
is dried to a “muddy” state, which can be a very subjective measure. Beyond the fact 
that irrigation timing can directly affect yield and quality of rice, water resources are 
becoming severely depleted in certain rice-growing areas of Arkansas. Proper irrigation 
timing can help to alleviate issues with water availability. Trials were established at 
two University of Arkansas System Division of Agriculture research stations in 2018 
to define the proper intervals between irrigation events for rice grown under alternative 
irrigation strategies.
Procedures
Alternative irrigation trials were established at two University of Arkansas 
System Division of Agriculture locations: Pine Tree Research Station (PTRS) mapped 
as primarily a Calloway silt loam and the Northeast Research and Extension Center 
(NEREC) mapped as primarily a Sharkey silty clay. Both FIR and AWD studies were 
conducted at both locations.
Furrow-Irrigated Rice (FIR)
At PTRS, beds with a 30-in. furrow spacing were established prior to planting. 
The large plot design was a randomized complete block (RCB) with three replications. 
Each plot was 40 ft (16 rows) in width and 675 ft in length. The hybrid cultivar RT 
XP753 was planted at 24 lb seed/ac (11 seed/ft2) with a 7.5-in. row spacing on 2 May and 
emerged on 9 May. The field history was a rice-soybean rotation, with soybean grown 
the previous season in 2017. A single preflood application of 145 lb N/ac was applied 
on 20 June according to the N-STaR recommendation and irrigation of all treatments 
was initiated on 22 June. The final irrigation was applied on 28 August and plots were 
harvested on 21 September. 
At NEREC, beds with a 38-in. furrow spacing were utilized. The large plot design 
was a RCB with three replications. Each plot was 48 ft (15 rows) in width and 1200 
ft in length. The hybrid cultivar RT XP753 was planted at 27 lb seed/ac (12.5 seed/ft2) 
with a 7.5-in. row spacing on 3 May and emerged on 10 May. The field history was 
a rice-soybean rotation, with soybean grown the previous season in 2017. A single 
preflood application of 160 lb N/ac was applied on 18 June according to the N-STaR 
recommendation and irrigation of all treatments was initiated on 19 June. The final ir-
rigation was applied on 27 August and plots were harvested on 5 October. 
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At both sites, Watermark (Irrometer, Riverside, Calif.) sensors were installed in 
the top of the bed at 4, 8, and 12-in. depths in the top and middle thirds of the field, with 
4 and 8-in. depths being installed in the lower third. Irrigation timing was determined 
based on the 4-in. depth sensor reading in the top third of the field. Irrigation triggers 
for the FIR treatments were 15, 30, and 45 centibar (cb). Conventional flood checks 
were also present at both sites, which were flooded to a 2 to 4-in. depth and maintained 
through the timing of final irrigation on FIR plots. A flowmeter was also installed at 
each site and readings were taken before and after each irrigation event, which covered 
only one treatment per event. All measures were analyzed with PROC GLIMMIX using 
SAS v. 9.4 (SAS Institute, Inc. Cary, NC).
Alternate Wetting and Drying (AWD)
At PTRS, the large plot design was a RCB with three replications. Each plot was 
40 ft in width and 720 ft in length. The hybrid cultivar RT XP753 was planted at 24 lb 
seed/ac (11 seed/ft2) with a 7.5-in. row spacing on 2 May and emerged on 9 May. The 
field history was a rice-soybean rotation, with soybean grown the previous season in 
2017. A single preflood application of 145 lb N/ac was applied on 20 June according to 
the N-STaR recommendation and irrigation of all treatments was initiated on 20 June. 
All plots were drained on 30 August and harvested on 20 September. 
At NEREC, the large plot design was a RCB with three replications. Each plot 
was 32 ft in width and 600 ft in length. The hybrid cultivar RT XP753 was planted 
stale seedbed at 27 lb seed/acre (12.5 seed/ft2) with a 7.5-in. row spacing on 3 May and 
emerged on 10 May. The field history was a rice-soybean rotation, with soybean grown 
the previous season in 2017. A single preflood application of 160 lb N/ac was applied on 
21 June according to the N-STaR recommendation and irrigation of all treatments was 
initiated on 23 June. All plots were drained on 27 August and harvested on 4 October. 
At both sites, the initial flood was maintained for three weeks to ensure proper N 
fertilizer utilization. After three weeks elapsed, the flood was allowed to naturally sub-
side. Watermark (Irrometer, Riverside, Calif.) sensors were installed at 4, 8, and 12-in. 
depths in the top paddy. The timing of each re-flood event was determined based on the 
4-in depth sensor reading. Irrigation triggers for the AWD treatments were 15, 30, and 
45 cb. Once the soil water potential fell to the pre-determined threshold, paddies were 
irrigated back to a 2 to 4-in. flood. Conventional flood checks were also present at both 
sites, which were flooded to a 2 to 4-in. depth and maintained until the recommended 
drain date. A flowmeter was also installed at each site and readings were taken before 
and after each irrigation event, which covered only one treatment per event. All measures 
were analyzed with PROC GLIMMIX using SAS v. 9.4 (SAS Institute, Inc. Cary, N.C.).
Results and Discussion
Furrow-Irrigated Rice (FIR)
At PTRS, there was no difference (P < 0.05) in grain yield among all FIR treat-
ments and the conventional flood control (Table 1). All treatments produced a rice 
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grain yield of 244 to 250 bu/ac. Total irrigation water usage for the 15, 30, and 45 cb 
FIR treatments was 32.8, 22.7, and 16.1 ac-in., respectively. The control flood received 
30.1 ac-in. of irrigation water. The 45 cb canopy height was approximately 3.5-in. 
shorter than all other treatments. Harvest moisture was significantly higher in the 30 
cb treatment than both the 15 cb and control flood, while harvest moisture in the 45 
cb treatment was also significantly higher than in the control flood. Heading date, test 
weight, % total rice, and % head rice were not significantly different across treatments. 
At NEREC, there was no difference (P < 0.05) in grain yield among FIR treat-
ments (Table 2). However, the conventional flood yielded 23 to 34 bu./ac more than 
all FIR treatments, which was significant. Total irrigation water usage for the 15, 30, 
and 45 cb FIR treatments was 35.0, 26.5, and 23.6 ac-in., respectively. The control 
flood received 35.0 ac-in. of irrigation water, equivalent to the 15 cb FIR treatment. 
The canopy height of the control flood was significantly greater than all FIR by 6.6 to 
9.7-in. Canopy height of the 15 cb treatment was also significantly greater than that of 
30 cb. The % head rice of the control flood was greater than all FIR by 9.5% to 13.2%. 
Heading date, harvest moisture, test weight, and % total rice were not significantly 
different across treatments.
Alternate Wetting and Drying (AWD)
At PTRS, there was no difference (P < 0.05) in grain yield among all AWD treat-
ments and the conventional flood control (Table 3). All treatments produced a rice grain 
yield of 190 to 218 bu./ac. Total irrigation water usage for the 15, 30, and 45 cb AWD 
treatments was 22.8, 23.9, and 25.0 ac-in., respectively. The control flood received 30.0 
ac-in. of irrigation water. Heading date, canopy height, harvest moisture, test weight, % 
total rice, and % head rice were not significantly affected by irrigation regime. 
At NEREC, there was also no difference (P < 0.05) in grain yield between all 
AWD treatments and the conventional flood control (Table 4). All treatments produced 
a rice grain yield of 185 to 207 bu/ac. Total irrigation water usage for the 15, 30, and 
45 cb AWD treatments was 17.0, 15.2, and 15.3 ac-in., respectively. The control flood 
received irrigation water totaling 35.0 acre-inches. Heading date, canopy height, harvest 
moisture, test weight, % total rice, and % head rice were not significantly affected by 
irrigation regime. 
Significance of Findings
In a relatively warm and dry year, such as 2018, irrigation limits should be put to 
the test and stand out. With that in mind, the only discrepancy in rice grain yield was 
for all FIR at NEREC compared to the conventional flood, where a 23 to 34 bu./ac yield 
drag was seen with FIR. However, N fertilizer management studies separate from these 
trials indicate a different N fertilizer management strategy may have improved yields 
for FIR treatments. All AWD rice in this study realized significant water savings with 
no significant penalties. These results suggest that it is possible to increase the interval 
between irrigation events in alternatively irrigated rice without yield penalty. 
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Table 1. Furrow-irrigated rice trials at the University of Arkansas System Division of 
Agriculture's Pine Tree Research Station (PTRS) near Colt, Arkansas in 2018. 
Soil 
moisture 
threshold 
 
Grain 
yield 
 
Days to 
heading 
 
Canopy 
height 
 
Harvest 
moisture 
 
Test 
weight 
 
Head 
rice 
 
Total 
rice 
 
Water  
use 
(cb) (bu./ac) (d) (in.) (%) (lb/bu.) ------(%)------ (ac-in.) 
15 247.3 81 39.8 b† 15.4 bc 44.3 53.7 71.0 32.8 
30 250.0 83 40.0 b 16.1 a 44.4 55.1 71.0 22.7 
45 244.1 82 37.0 c 15.9 ab 44.4 53.0 71.1 16.1 
Flood 244.9 80 41.6 a 15.3 c 44.2 53.2 70.7 30.1 
P-value 0.906 N/A 0.019 0.047 0.999 0.625 0.745 N/A 
† Means followed by the same letter within a column are not significantly different 
  using a protected LSD at α = 0.05. 
 
Table 2. Furrow-irrigated rice trials at the University of Arkansas System 
Division of Agriculture's Northeast Research and Extension Center 
(NEREC) in Keiser, Arkansas in 2018. 
Soil 
moisture 
threshold 
 
Grain 
yield 
 
Days to 
heading 
 
Canopy 
height 
 
Harvest 
moisture 
 
Test 
weight 
 
Head 
rice 
 
Total 
rice 
 
Water 
use 
(cb) (bu./ac) (d) (in.) (%) (lb/bu.) -------(%)------- (ac-in.) 
15 178.0 b† 87 35.4 b 15.1 42.5 44.6 bc 69.7 35.0 
30 172.6 b 86 32.3 c 15.6 41.1 47.0 b 69.8 26.5 
45 183.6 b 86 34.1 bc 15.8 41.3 43.3 c 69.5 23.6 
Flood 206.9 a 91 42.0 a 15.5 42.2 56.5 a 69.1 35.0 
P-value 0.022 N/A <0.001 0.402 0.103 <0.001 0.138 N/A 
† Means followed by the same letter within a column are not significantly different 
  using a protected LSD at α = 0.05. 
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Table 3. Alternate wetting and drying (AWD) rice trials at the University of Arkansas 
System Division of Agriculture's Pine Tree Research Station 
(PTRS) near Colt, Arkansas in 2018. 
Soil 
moisture 
threshold 
 
Grain 
yield 
 
Days to 
heading 
 
Canopy 
height 
 
Harvest 
moisture 
 
Test 
weight 
 
Head 
rice 
 
Total 
rice 
 
Water 
use 
(cb) (bu./ac) (d) (in.) (%) (lb/bu.) ------(%)------ (ac-in.) 
15 205.4 87 33.9 14.1 45.0 41.2 69.9 22.8 
30 217.8 85 35.0 13.9 44.9 45.4 70.4 23.9 
45 189.9 85 35.1 14.0 44.6 44.2 70.3 25.0 
Flood 209.1 87 34.7 13.2 46.9 43.5 70.3 30.0 
P-value 0.082 N/A 0.712 0.679 0.358 0.284 0.486 N/A 
 
Table 4. Alternate wetting and drying (AWD) rice trials at the University of Arkansas 
System Division of Agriculture's Northeast Research and Extension Center 
(NEREC) in Keiser, Arkansas in 2018. 
Soil 
moisture 
threshold 
 
Grain 
yield 
 
Days to 
heading 
 
Canopy 
height 
 
Harvest 
moisture 
 
Test 
weight 
 
Head 
rice 
 
Total 
rice 
 
Water 
use 
(cb) (bu./ac) (d) (in.) (%) (lb/bu.) -------(%)------- (ac-in.) 
15 199.3 90 40.4 16.0 43.5 57.0 69.7 17.0 
30 184.6 89 40.6 15.5 42.6 55.6 68.9 15.2 
45 191.5 89 39.2 15.6 42.5 55.1 69.3 15.3 
Flood 207.0 91 42.0 15.5 42.2 56.5 69.1 35.0 
P-value 0.474 N/A 0.470 0.339 0.510 0.128 0.065 N/A 
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RICE CULTURE
Nitrogen Management Strategies for 
Furrow-Irrigated Rice Production
J.L. Chlapecka1, J.T. Hardke2, T.L. Roberts1, D.L. Frizzell2, E. Castaneda-Gonzalez2, 
W.J. Plummer2, K. Hale2, and T. Frizzell2
Abstract
The interest in furrow-irrigated rice (Oryza sativa L.) production (FIR) has steadily 
grown in Arkansas in recent years and now comprises a significant proportion of rice 
acreage. The FIR system differs greatly from the direct-seeded, delayed-flood system 
due to the absence of a continuous flood, which serves multiple purposes including 
nitrogen (N) stabilization. Thus, the potential for higher N loss in the FIR system sug-
gests that the N management strategies will likely differ in order to maintain high N use 
efficiency and rice grain yields. Trials were conducted in 2018 in two producer-managed 
production fields in eastern Arkansas to help identify the proper N fertilizer source and 
management regime for FIR. Both urea plus a urease inhibitor (n-butyl thiophosphoric 
triamide, NBPT) and SuperU (urea plus NBPT and a nitrification inhibitor, dicyandi-
amide or DCD) were tested across multiple application timings ranging from a single 
preflood (PF) to a four-way split application. Rice grain yield was optimized at both sites 
by multiple management schemes including single PF and two-, three-, and four-way 
split applications. Preliminary results suggest that several N management options have 
the ability to maximize grain yield and N fertilizer efficiency. However, there was no 
clear benefit of one N fertilizer source over the other as the both produced similar rice 
grain yields. With the additional cost of SuperU over urea + NBPT, the most economical 
N fertilizer source appears to be urea + NBPT for the FIR system. 
Introduction
In the 2017 growing season, 3.5% or 39,000 acres of Arkansas rice (Oryza sativa 
L.) utilized the furrow-irrigated rice production (FIR) system (Hardke, 2018). This num-
ber approximately doubled to around 100,000 acres in 2018 and is expected to increase 
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and Environmental Sciences, Fayetteville.
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again in 2019 (Hardke, pers. comm.). With this in mind, most of the prior research on FIR 
and specifically on nitrogen (N) fertilizer management in FIR was completed before the 
advent of hybrid rice technology. Hybrid rice cultivars have greater yield potential and 
disease resistance packages than pure-line varieties. Additionally, hybrid rice cultivars 
have a greater ability to uptake native soil N compared to pure-line varieties (Norman 
et al., 2013). Current FIR N recommendations include a 100% pre-flood (PF) N rate 
at the 4- to 5-leaf stage followed by an additional 100 lb urea/acre on the upper end of 
the field 14 days later for a shallow slope (0.1 ft/100 ft or less) and a 50-50 split of PF 
N 10 days apart followed by an additional 100 lb urea/acre 7–10 days later for a steep 
slope (0.1 ft/100 ft or greater) (Hardke et al., 2017). These guidelines also recommend 
a spoon-feed approach of 4 to 5, 100 lb urea/acre applications spaced 7 days apart for 
certain situations. However, these guidelines are based primarily on observation and 
have largely gone untested. 
Aside from urea (46-0-0), SuperU (Koch Fertilizer LLC, Wichita, Kan.) is a 
relatively new N fertilizer source to the Arkansas market. SuperU is a urea product 
impregnated with both a urease inhibitor, n-butyl thiophosphoric triamide (NBPT) 
and a nitrification inhibitor, dicyandiamide (DCD). Approximately 78% of rice acres 
currently utilize an NBPT product to minimize ammonia volatilization losses (Hardke 
et al., 2018), but nitrification is usually not an issue as the process requires oxygen, 
which is not present in a conventionally flooded rice environment unless the N fertil-
izer is applied well before flooding. In a FIR environment, nitrification will inevitably 
be an issue due to the fact that a significant portion of the soil within the field remains 
aerated due to the lack of a continuous flood. Trials were established in two producer-
managed FIR commercial fields in 2018 to elucidate the proper N fertilizer source(s) 
and management scheme(s) for the FIR system.
Procedures
Furrow-irrigated rice N fertilizer management trials were established at two on-
farm locations: one just north of Blytheville in Mississippi County mapped as primarily 
an Amagon sandy loam (Fine-silty, mixed, active, thermic Typic Endoaqualfs) and the 
other south of Stuttgart in Arkansas County mapped as primarily a Stuttgart silt loam 
(Fine, smectitic, thermic Albaquultic Hapludalfs) (USDA-NRCS, 2019).
At Blytheville, beds with a 60-in. furrow spacing were established prior to plant-
ing. The small plot design was a randomized complete block (RCB) with four replica-
tions in both the top third and bottom third of the field. Each plot was one bed (5 ft) in 
width and 17 ft in length. A tail levee was constructed at the lower end of the field and 
allowed water to be held approximately one-fourth of the furrow length up the field 
and remain flooded. The hybrid cultivar RT XP753 was planted and the field history 
was a rice-soybean (Glycine max) rotation, with soybean grown the previous season. 
A recommended PF rate of 150 lb N/acre was utilized to determine the split N rates for 
each treatment (Table 1). Nitrogen fertilizer application dates were 8 June, 18 June, 
25 June, and 1 July for week 1/PF  through week 4 applications, respectively. Total N 
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uptake samples were taken at 50% heading from a 3-ft section of a bordered row, 30 
July for the bottom third of the field and 10 August for the top third of the field. Plots 
were harvested on 3 October.
At Stuttgart, beds with a 30-in. furrow spacing were established prior to planting. 
The small plot design was a randomized complete block (RCB) with 6 replications. Each 
plot was 4 beds (10 ft) in width and 17 ft in length. No tail levee was constructed due 
to a steeper slope, thus no water was held in the field. The hybrid cultivar RT XP753 
was planted and the field history was a rice-soybean rotation, with soybean grown the 
previous season. A recommended PF rate of 120 lb N/acre was utilized to determine 
the split N rates for each treatment (Table 2). Nitrogen fertilizer application dates were 
4 June, 13 June, 20 June, and 28 June for week 1/PF through week 4 applications, 
respectively. Total N uptake samples were taken at 50% heading on 25 July and plots 
were harvested on 8 October.
At both sites, field management other than N fertilization was performed by the 
cooperating producer and conformed to University of Arkansas System Division of 
Agriculture recommendations. The interval between irrigations averaged once per week. 
Eight treatments utilized urea + NBPT while six utilized SuperU and all ranged from 
a single PF application to a four-way split application (Tables 1–2). In addition, three 
common producer management practices were included: Treatments 7 and 15 were a 
two-way split plus an additional 46 lb N/acre and Treatment 8 was three applications of 
46 lb N/acre plus an additional 46 lb N/acre application if the Greenseeker (Trimble Inc, 
Sunnyvale, Calif.) response index indicated N deficiency in the rice. Measures included 
Greenseeker response index at green ring (R0), heading date, total N uptake, canopy 
height, harvest moisture, test weight, rice grain yield, and milling yield. All measures 
were analyzed with PROC GLIMMIX using SAS v. 9.4 (SAS Institute, Inc. Cary, N.C.).
Results and Discussion
At Blytheville, plant response and especially N uptake varied across treatments 
(Table 3). Heading date was approximately 5 days earlier for the 0 N check, but all oth-
ers were within 2 days of one another. The rice grain yield ranged from 159 to 262 bu./
ac (Table 4). While the 0 N control yielded much less, 7 of 8 urea + NBPT treatments 
(150-0-0-0, 75-0-75-0, 38-38-75-0, 38-38-38-38, 75-0-75-46, 46-46-46-Greenseeker, 
and 210-0-0-0) and three of six SuperU treatments (150-0-0-0, 38-38-75-0, and 75-
0-75-46) optimized rice grain yield, averaging 233 to 262 bu./ac. Milling yield also 
varied slightly among treatments, but drastic differences were not noted. No significant 
differences (P < 0.05) were observed between N source, urea and SuperU, other than a 
slightly delayed heading date across SuperU treated rice. This shows that urea + NBPT 
is the most economical N fertility option based on current formulations and pricing. 
At Stuttgart, N uptake also varied across treatments but 11 of 14 treatments receiv-
ing N optimized N uptake (Table 5). Greenseeker response index, heading date, and 
canopy height were similar for most treatments other than the control. Rice grain yield 
was optimized by 6 of the 8 urea + NBPT treatments (120-0-0-0, 60-0-60-0, 60-30-30-0, 
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60-0-60-46, 46-46-46-Greenseeker, and 180-0-0-0) and 4 of the 6 SuperU treatments 
(60-30-30-0, 30-30-60-0, 30-30-30-30, and 60-0-60-46), averaging 162 to 188 bu/acre 
across these treatments (Table 6). Milling yield was poor across all treatments due to 
delayed harvest, but there were no significant differences between treatments. Much like 
Blytheville, the Stuttgart site saw no benefit from one N source over the other. Harvest 
moisture and total rice yield were slightly lower with urea + NBPT compared to SuperU, 
but these differences were less than one percentage point. This again shows that urea + 
NBPT is the most economical option for N application in the FIR production system.
Significance of Findings
One significant takeaway at both sites was the insignificance of N fertilizer source, 
suggesting that urea + NBPT is a sufficient N source for FIR in eastern Arkansas. The 
addition of DCD with the SuperU product did not affect yield at either site suggesting 
that it did not contain enough DCD to significantly reduce or slow nitrification rates. 
Also at both sites, the top treatments ranged from a single PF to four-way split, sug-
gesting that any of these would be a fitting system on a lighter to medium soil texture. 
Other two- and three-way splits that performed less well could have been a function 
of improper irrigation timing rather than improper N fertilizer management. However, 
more site years of data are needed in 2019 to verify N management recommendations.
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 Table 1. Furrow-irrigated rice N management treatments 
at Blytheville in 2018. 
Treatment 
Number 
Total 
N Rate 
N 
Source 
Week 1 
Preflood 
 
Week 2 
 
Week 3 
 
Week 4 
 (lb/ac)  ----------------------(lb N/ac)---------------------- 
1 0 N/A - - - - 
2 150 Urea+NBPT 150 - - - 
3 150 Urea+NBPT 75 - 75 - 
4 150 Urea+NBPT 75 38 38 - 
5 150 Urea+NBPT 38 38 75 - 
6 150 Urea+NBPT 38 38 38 38 
7 196 Urea+NBPT 75 - 75 46 
8 138 Urea+NBPT 46 46 46 G† 
9 210 Urea+NBPT 210 - - - 
10 150 SuperU 150 - - - 
11 150 SuperU 75 - 75 - 
12 150 SuperU 75 38 38 - 
13 150 SuperU 38 38 75 - 
14 150 SuperU 38 38 38 38 
15 196 SuperU 75 - 75 46 
† Greenseeker was used to determine if an additional 46 lb N/acre was needed. 
 
Table 2. Furrow-irrigated rice N management treatments at Stuttgart in 2018. 
Treatment 
Number 
Total 
N Rate 
N 
Source 
Week 1 
Preflood 
 
Week 2 
 
Week 3 
 
Week 4 
 (lb/ac)  ----------------------(lb N/ac)---------------------- 
1 0 N/A - - - - 
2 120 Urea+NBPT 120 - - - 
3 120 Urea+NBPT 60 - 60 - 
4 120 Urea+NBPT 60 30 30 - 
5 120 Urea+NBPT 30 30 60 - 
6 120 Urea+NBPT 30 30 30 30 
7 166 Urea+NBPT 60 - 60 46 
8 138 Urea+NBPT 46 46 46 G† 
9 180 Urea+NBPT 180 - - - 
10 120 SuperU 120 - - - 
11 120 SuperU 60 - 60 - 
12 120 SuperU 60 30 30 - 
13 120 SuperU 30 30 60 - 
14 120 SuperU 30 30 30 30 
15 166 SuperU 60 - 60 46 
† Greenseeker was used to determine if an additional 46 lb N/acre was needed. 
 
251
  B.R. Wells Arkansas Rice Research Studies 2018
Table 3. Rice response to N source and management 
regime at Blytheville in 2018. 
 
N 
Source 
 
 
N Regime 
Greenseeker 
Response 
Index 
 
Heading 
Date 
 
Canopy  
height 
 
 
N Uptake 
 Week 1-2-3-4   (cm) (lb N/ac) 
Urea + 
NBPT 
0-0-0-0 0.61 c† 28 Jul d 63.4 77.6 e 
150-0-0-0 0.79 ab 3 Aug c 58.9 175.4 bcd 
75-0-75-0 0.79 ab 4 Aug abc 71.0 160.4 cd 
75-38-38-0 0.79 ab 4 Aug abc 60.7 195.2 abcd 
38-38-75-0 0.79 ab 4 Aug bc 63.7 187.9 bcd 
38-38-38-38 0.79 ab 3 Aug c 65.9 185.1 bcd 
75-0-75-46 0.79 ab 4 Aug abc 56.6 198.1 abcd 
46-46-46-G‡ 0.80 ab 4 Aug abc 71.0 172.1 bcd 
210-0-0-0 0.80 a 5 Aug ab 62.8 219.8 ab 
SuperU 150-0-0-0 0.79 ab 5 Aug abc 74.1 155.3 d 
75-0-75-0 0.79 ab 4 Aug abc 65.1 169.7 cd 
75-38-38-0 0.80 a 4 Aug abc 67.9 194.2 abcd 
38-38-75-0 0.79 ab 4 Aug abc 73.8 200.6 abc 
38-38-38-38 0.78 b 4 Aug abc 62.4 176.1 bcd 
75-0-75-46 0.79 ab 5 Aug a 66.1 245.4 a 
 P-value <0.001 <0.001 0.372 <0.001 
† Means followed by the same letter within a column are not significantly different 
  using a protected least significant difference at α = 0.05. 
‡ Greenseeker was used to determine if an additional 46 lb N/acre was needed. 
 
Table 4. Rice yield response to N source and management 
regime at Blytheville in 2018. 
N 
Source 
 
N Regime 
Rice Grain 
Yield 
Harvest 
Moisture 
Test 
Weight 
Head 
Rice 
Total 
Rice 
 Week 1-2-3-4 (bu./ac) (%) (lb/bu.) ----------(%)---------- 
Urea + 
NBPT 
0-0-0-0 159 d† 13.9 40.5 43.5 d 70.5 b 
150-0-0-0 235 abc 14.4 40.2 50.5 abc 72.8 a 
75-0-75-0 239 abc 13.9 40.5 50.3 abc 72.9 a 
75-38-38-0 228 bc 14.6 40.1 51.2 abc 72.5 a 
38-38-75-0 249 ab 13.7 40.7 50.6 abc 72.0 a 
38-38-38-38 240 abc 14.3 40.2 49.5 bc 72.1 a 
75-0-75-46 242 ab 13.8 40.6 52.0 ab 72.3 a 
46-46-46-G‡ 241 abc 14.1 40.5 48.5 c 71.9 a 
210-0-0-0 242 ab 14.2 40.3 53.1 a 72.5 a 
SuperU 150-0-0-0 240 abc 14.3 40.3 50.7 abc 72.1 a 
75-0-75-0 225 bc 13.9 40.6 52.3 ab 72.5 a 
75-38-38-0 230 bc 14.4 40.2 48.0 c 72.7 a 
38-38-75-0 262 a 14.2 40.4 49.2 bc 72.3 a 
38-38-38-38 215 c 14.7 40.1 49.5 bc 72.3 a 
75-0-75-46 233 abc 13.5 40.8 51.1 abc 72.6 a 
 P-value <0.001 0.938 0.961 <0.001 0.003 
† Means followed by the same letter within a column are not significantly different 
  using a protected least significant difference at α = 0.05. 
‡ Greenseeker was used to determine if an additional 46 lb N/acre was needed. 
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Table 5. Rice response to N source and management 
regime at Stuttgart in 2018. 
 
N 
Source 
 
 
N Regime 
Greenseeker 
Response 
Index 
 
Heading 
Date 
 
Canopy 
height 
 
 
N Uptake 
 Week 1-2-3-4   (cm) (lb N/ac) 
Urea + 
NBPT 
0-0-0-0 0.64 c† 21 Jul c 85.6 b 81.3 c 
120-0-0-0 0.70 b 26 Jul ab 98.3 a 164.6 ab 
60-0-60-0 0.71 ab 26 Jul ab 97.8 a 148.6 b 
60-30-30-0 0.71 ab 26 Jul ab 95.8 a 168.2 ab 
30-30-60-0 0.72 a 26 Jul ab 95.3 a 160.3 ab 
30-30-30-30 0.71 ab 25 Jul b 95.3 a 167.7 ab 
60-0-60-46 0.70 ab 26 Jul ab 94.3 a 190.1 ab 
46-46-46-G‡ 0.71 ab 26 Jul ab 95.8 a 194.2 ab 
180-0-0-0 0.71 ab 26 Jul a 98.7 a 184.3 ab 
SuperU 120-0-0-0 0.70 ab 26 Jul ab 94.8 a 171.4 ab 
60-0-60-0 0.70 ab 25 Jul ab 97.6 a 163.5 ab 
60-30-30-0 0.71 ab 26 Jul ab 97.1 a 155.0 b 
30-30-60-0 0.72 a 26 Jul ab 95.8 a 151.5 b 
30-30-30-30 0.71 ab 26 Jul ab 95.5 a 214.0 a 
60-0-60-46 0.70 ab 26 Jul ab 96.0 a 160.1 ab 
 P-value <0.001 <0.001 <0.001 <0.001 
† Means followed by the same letter within a column are not significantly 
  different using a protected least significant difference at α = 0.05. 
‡ Greenseeker was used to determine if an additional 46 lb N was needed. 
 
Table 6. Rice yield response to N source and management 
regime at Stuttgart in 2018. 
N 
Source 
 
N Regime 
Rice Grain 
Yield 
Harvest 
Moisture 
Test 
Weight 
Head 
Rice 
Total 
Rice 
 Week 1-2-3-4 (bu./ac) (%) (lb/bu.) ----------(%)---------- 
Urea + 
NBPT 
0-0-0-0 105 d† 14.3 a 49.4 26.4 68.5 
120-0-0-0 165 ab 13.1 abc 48.7 31.5 68.9 
60-0-60-0 178 ab 12.3 bc 51.5 29.5 69.0 
60-30-30-0 162 ab 10.4 d 52.7 30.5 69.1 
30-30-60-0 156 b 13.1 abc 50.4 30.5 69.3 
30-30-30-30 158 b 12.3 bc 51.4 26.8 68.8 
60-0-60-46 169 ab 12.8 abc 50.9 23.7 69.6 
46-46-46-G‡ 180 ab 12.6 abc 51.2 26.0 69.8 
180-0-0-0 163 ab 12.5 abc 51.0 28.2 69.8 
SuperU 120-0-0-0 128 c 14.0 ab 49.8 25.8 70.5 
60-0-60-0 156 b 14.1 ab 49.4 29.4 69.6 
60-30-30-0 177 ab 13.0 abc 50.7 29.2 69.6 
30-30-60-0 167 ab 14.2 ab 49.6 25.6 69.6 
30-30-30-30 172 ab 13.3 ab 50.4 24.7 70.7 
60-0-60-46 188 a 11.4 cd 49.7 25.0 70.4 
 P-value <0.001 0.005 0.377 0.188 0.192 
† Means followed by the same letter within a column are not significantly different 
  using a protected least significant difference at α = 0.05. 
‡ Greenseeker was used to determine if additional 46 lbs N was needed. 
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RICE CULTURE
Low-Use-Rate Zinc Fertilization Strategies for Rice
M.D. Coffin1, N.A. Slaton1, E.E. Gbur1, A.D. Smartt1, 
C.E. Gruener1, and L.R. Martin1
Abstract
New fertilization methods using low zinc (Zn) rates have been developed and marketed 
for rice (Oryza sativa L.) fertilization. Limited research is available to validate the ef-
ficacy of these methods. Our research objectives were to evaluate the effect of Zn seed 
treatment rate combined with six Zn fertilization methods on rice seedling-Zn concen-
tration and grain yield. Seven field experiments were conducted in 2017 and 2018 on 
silt-loam and clay soils. Roy J, Diamond, and LaKast rice seed were treated with zinc 
oxide (ZnO) at rates of 0 or 0.33 lb Zn/hundred weight (cwt) and combined with Zn 
fertilizer treatments of: 1) no additional Zn fertilizer (no Zn), 2) granular ZnSO4, ap-
plied at 10 lb Zn/ac (GRAN), 3) 1.5 lb Zn/ac as MicroEssentials (MESZ), 4) 1.0 lb Zn/
ac as Zn-EDTA (EDTA), 5) 0.5 lb Zn/ac of Wolftrax Zn-DDP (DDP0.5), and 6) 1.0 lb 
Zn/ac of Wolftrax Zn-DDP (DDP1). Seedling-Zn concentration was not significantly 
affected by the interaction between seed Zn treatment rate and Zn fertilization method, 
but was affected by at least one of the main effects at each location. Grain yield was 
not affected by Zn seed treatment rate, fertilization method, or their interaction at any 
site. Results suggest that low-use-rate Zn fertilizers provide only minimal Zn for rice 
seedlings, and caution should be used when considering low-use-rate Zn applications 
rather than the standard recommended application of 10 lb Zn/ac as zinc sulfate (ZnSO4).
Introduction
Zinc (Zn) is the most common yield-limiting micronutrient of rice grown on 
silt-loam soils in Arkansas. The potential yield loss from Zn deficiency can approach 
100%, when it is severe and left uncorrected, but yield losses of 10% to 60% are more 
typical. Based on the University of Arkansas System Division of Agriculture's Coopera-
tive Extension Service (CES) guidelines, Zn fertilization is recommended when rice is 
grown on sandy or silt-loam textured soils with a pH greater than 6.0 and Mehlich-3 
extractable soil-test Zn concentrations below the critical value of 4.0 ppm (Norman et 
al., 2013). Supplying Zn to rice can be achieved by one or more methods that include 
1 Graduate Assistant, Assistant Director Agriculture Experiment Station, Professor, Program Associate, 
Graduate Assistant, and Graduate Assistant, respectively, Department of Crop, Soil, and Environmental 
Sciences, Fayetteville.
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broadcasting granular Zn preplant, foliar application during early vegetative growth, 
and treating seed with Zn before planting. 
The standard method of Zn fertilization in Arkansas has been the application of 
ZnSO4 at a rate of 10 lb Zn/ac. In addition, spraying preplant or post-emergence Zn 
solutions at 1.0 lb Zn/ac or treating seed with 0.25 to 0.50 lb Zn/hundred weight (cwt) 
have increased in popularity within the last two decades since guidelines were devel-
oped by Slaton et al. (2001). Fertilizer manufactures have developed new Zn-containing 
fertilizers that are being sold to growers with limited research verifying their efficacy. 
Our research objectives were to evaluate the effect of Zn seed treatment rate combined 
with six Zn fertilization methods on rice seedling-Zn concentration and grain yield.
Procedures
Seven field experiments evaluating different low-use-rate Zn fertilization methods 
were established at the University of Arkansas System Division of Agriculture's Pine 
Tree Research Station (PTRS), near Colt, Arkansas, on soils mapped as Calloway or 
Calhoun silt loams, and at the University of Arkansas System Division of Agriculture's 
Rohwer Research Station (RRS) on a Sharkey/Desha clay. At each site, composite soil 
samples (0–4 in. depth) were collected, prior to planting and treatment application, 
from plots that did not receive Zn fertilizer. Soil samples were analyzed for soil pH 
(1:2 soil:water mixture), Mehlich-3-extractable soil nutrients (Zhang et al., 2014) and 
soil organic matter by loss-on-ignition (Schulte and Hopkins, 1996; Table 1). Individual 
plots were 6.5-ft wide by 20-ft long at PTRS and 16-ft long by 4.5-ft wide at RRS. Roy 
J, Diamond, and LaKast rice was treated with Zinche ST (32.5% Zn, Drexel Chemical 
Company) with the treated seed containing 0.33 lb Zn/cwt. Rice seed was also treated 
with AV-1011 bird repellent at a rate of 18.3 fl. oz./cwt. Treated rough rice was com-
bined with: 1) no additional Zn fertilizer (no Zn), 2) granular ZnSO4, applied preplant 
at 10 lb Zn/ac (GRAN), 3) 1.5 lb Zn/ac applied preplant as MicroEssentials (MESZ, 
12-40-0-10S-1Zn), 4) 1.0 lb Zn/ac as Zn-EDTA (Ultra-che, Winfield Solutions, LLC) 
foliar applied at the 2-leaf stage (EDTA), 5) 0.5 lb Zn/ac of Wolftrax Zn-DDP (DDP0.5) 
and 6) 1.0 lb Zn/ac of Wolftrax Zn-DDP (DDP1) coated on triple superphosphate and 
muriate of potash and applied preplant (Compass Minerals; DDP0.5). Granular muri-
ate of potash and triple superphosphate were broadcast to the soil surface to provide 
equal phosphorus (P) (60 lb P2O5/ac) and potassium (K) (90 lb K2O/ac) rates for all 
treatments. At each site, preplant treatments were applied to a tilled soil before plant-
ing on a range of dates from 10 April to 24 May. At the 5-leaf stage, urea was applied 
at rates of 150 lb N/ac on each silt-loam soil site at PTRS and 178 lb N/ac on the clay 
soil at RRS with a flood being established within 2 days after N fertilizer application 
at each site. Standard stand establishment practices and pest management practices, 
according to CES guidelines, were used throughout the season to ensure pests did not 
limit yield (Hardke, 2013).
A 6-ft section of seedlings from an inside row at the midtillering growth stage (6 
to 26 days after flooding) was cut 1 in. above the soil surface to measure aboveground 
tissue Zn concentration. Plant samples were collected, oven-dried to a constant weight, 
weighed, and ground to pass through a 1-mm sieve. A subsample was digested with 30% 
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hydrogen peroxide (H2O2) and concentrated nitric acid (HNO3) for determination of 
nutrient analysis on an inductively coupled plasma atomic emission spectrophotometer. 
A small plot combine was used to harvest the middle five rows of each plot, and yields 
were corrected to 12% moisture before statistical analysis was performed.
Each field trial was a randomized complete block design with a 2 (Zn seed 
treatment rate) by 6 (Zn fertilization methods) factorial treatment structure. Analysis 
of variance (ANOVA), using the GLIMMIX procedure in SAS v. 9.4 (SAS Institute, 
Inc., Cary, N.C.), was used to evaluate how each of the main effects or their interaction 
influenced seedling-Zn concentration and grain yield. Zinc seed treatment rate and Zn 
fertilization method were fixed effects in the model and ANOVA was performed by 
sites. When appropriate, means were separated using Fisher’s protected least significant 
difference at a significance level of 0.10.
Results and Discussion
The interaction between Zn seed treatment rate and Zn fertilization method had 
no significant effect on aboveground seedling-Zn concentration, but rice was affected 
by at least one of the main effects at each site. At three sites, when averaged across 
Zn fertilization methods, application of 0.33 lb Zn/cwt to seed significantly increased 
seedling-Zn concentration by 3% to 14% (Table 2) compared to rice that had no Zn 
seed treatment. Tissue Zn concentration was not affected by Zn seed treatment at four 
locations, but at each site rice receiving 0.33 lb Zn/cwt had numerically greater tissue 
Zn concentrations than rice with no seed-applied Zn. Slaton et al. (2001) also reported 
that rice seedlings planted with a Zn seed treatment had greater tissue Zn than rice 
with no Zn seed treatment. Placing Zn directly to the seed could help alleviate rice Zn 
deficiency because Zn deficiency typically occurs at the seedling stage and is often 
difficult to recognize until after flooding (Norman et al., 2013). 
Aboveground seedling-Zn concentration was affected by fertilization method 
(Table 2), averaged across Zn-seed treatment rates, at all seven sites. The seedling-Zn 
concentration of rice fertilized with GRAN was greater than rice receiving no Zn at 
six locations, while post-emergence application of EDTA raised aboveground tissue 
Zn concentration at five of seven sites. Compared to rice fertilized with no Zn, preplant 
application of MESZ increased seedling-Zn concentration at only two sites. Rice fertil-
ized with Zn-DDP1.0 increased seedling-Zn concentration at only one site, indicating 
that application of the manufacturer’s highest recommended rate has minimal effect on 
seedling-Zn nutrition and should be avoided. The percent of water soluble Zn (WSZn) in 
a fertilizer is an important property, and researchers express that a Zn fertilizer needs to 
contain 40–50% WSZn to be immediately plant available (Amrani et al., 1999; Liscano 
et al., 2000; Gangloff et al., 2002). GRAN (90% WSZn) and EDTA (100% WSZn) 
were the only fertilizer treatments above the recommended WSZn percentage, and 
could partially explain why these fertilization strategies tended to increase seedling-Zn 
concentration above MESZ (28% WSZn) and DDP (11% WSZn). The chemistry of the 
Zn source, placement, and timing should all be considered when selecting a low-use-
rate fertilization strategy.
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Tissue Zn concentrations were below the deficiency level for rice (≤20 ppm; 
Yoshida et al., 1973) at four of the locations, however, grain yield was not affected by 
Zn seed treatment rate, fertilization method or their interaction at any location (Table 
3). Rice yield increases from Zn fertilization are not common, especially on soils in 
the medium soil-test-Zn category. Additionally, the University of Arkansas has recom-
mended applying GRAN at 10 lb Zn/ac since the early 1970s (Wells et al., 1973), and 
applying GRAN at this rate has been shown to have residual effects in the soil, sup-
plying crops with Zn for several years (Carsky and Reid, 1990), likely reducing rice 
response to Zn fertilization.
Significance of Findings
Results suggest that the Zn availability from low-use-rate Zn fertilization methods 
provided minimal Zn nutrition to seedling rice compared to granular ZnSO4 applied at 
10 lb Zn/ac. Thus, low-use-rate Zn fertilization methods should be avoided, either in 
favor of applying 10 lb Zn/ac, or using two or more of the most effective low-use-rate 
methods in combination with each other in fields where there is a high probability of 
Zn deficiency. 
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 Table 1. Selected soil chemical property means (0–4 inch depth, n = 5) from seven sites used to evaluate rice response to different Zn fertilization methods at the 
University of Arkansas System Division of Agriculture’s Pine Tree Research Station, 
Colt, Arkansas, and Rohwer Research Station in 2017 and 2018. 
Location 
Soil 
pH† 
Soil 
OM‡ 
Mehlich-3 Extractable Soil Nutrients 
P K Ca Mg S Na Fe Mn Zn Cu B 
              % ------------------------------------- (ppm) ---------------------------------------- 
Calloway-17a 6.6 2.2 28 79 1335 204 14 48 345 444 3.1 0.8 0.5 
Calhoun-17a 7.6 2.1 22 77 2002 311 7 33 314 303 2.5 1.0 0.6 
Calhoun-18a 7.9 2.0 34 105 2948 406 25 113 437 203 2.0 1.4 0.4 
Calloway-18a 7.9 2.1 16 47 1968 296 8 68 470 164 1.4 1.3 0.3 
Calloway-18b 6.7 2.3 33 106 1278 243 12 64 352 263 2.1 1.4 0.2 
Calhoun-18b 7.9 2.2 61 98 2529 379 14 61 411 281 2.2 2.1 0.3 
Sharkey- 18a 7.9 2.6 62 268 5125 829 18 147 408 67 2.2 2.2 0.8 
† Soil pH measured in a 1:2 soil: water mixture. 
‡ OM, organic matter weight loss on ignition. 
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RICE CULTURE
Chamber Effects on Soil Moisture and Plant Productivity in 
Furrow-Irrigated Rice on a Silt-Loam Soil
D. Della Lunga1, K.R. Brye1, C.G. Henry2, and J.J. Humphreys1
Abstract
Tillage practice and irrigation regime influence greenhouse gas (GHG) emissions in 
rice (Oryza sativa L.) production. The objective of this study was to evaluate the effects 
of tillage, field position, and chamber presence on soil water content, aboveground 
biomass, and yield in the furrow-irrigated rice production system in eastern Arkansas. 
Research was conducted during 2018 using the RiceTec hybrid rice cultivar RT 7311 
CL at the University of Arkansas System Division of Agriculture's Rice Research and 
Extension Center near Stuttgart, Arkansas on a DeWitt silt loam (Albaqualf). Eighteen, 
12-in.-diameter base collars were installed on top of the beds. On 10 different dates, soil 
volumetric water content (VWC) was recorded inside and outside the base collars as 
well as aboveground dry matter and yield at the end of the season. On 6 of 10 weekly 
sampling, the difference in VWC inside and outside the base collars did not differ (P > 
0.05) from zero for any of the 6 tillage-field position combinations. In only 8% of the 
total measurements, VWC differed between inside and outside the base collars. There 
was no difference between inside and outside the base collars in 4 of 6 tillage-site 
position combinations for aboveground dry matter and in 3 of 6 tillage-site position 
combinations for rice yield. The results of this study demonstrated that the presence 
of base collars did not have a substantial effect on soil moisture content, aboveground 
dry matter, and yield, strengthening the validity and reliability of the closed-chamber 
method for GHG analyses in rice production.
Introduction
Agriculture in the United States accounts for a substantial portion of greenhouse 
gas (GHG) emissions into the atmosphere. In 2012, estimated total emissions from 
agricultural fields were 526.3 Tg of carbon dioxide (CO2) equivalents. Greenhouse gas 
emissions in the agricultural sector are projected to increase 20% by 2030, while GHG 
emissions from rice (Oryza sativa) alone are projected to increase by 2% (USEPA, 
2016a). Among the six states where rice is produced in the U.S. (i.e., Arkansas, Texas, 
Louisiana, Mississippi, Missouri and California), Arkansas led the state ranking in es-
1 Graduate Student, Professor, and Graduate Student, respectively, Department of Crop, Soil, and 
Environmental Sciences, Fayetteville.
2 Associate Professor and Water Management Engineer, Rice Research and Extension Center, Stuttgart.
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timated CH4 emissions with 2.6 Tg of CO2 equivalents in 2012, due to Arkansas having 
the largest production (USEPA, 2012).   
Different water management practices and field preparation practices greatly 
affect the production and emissions of GHGs in and from rice fields (Pittelkow et al., 
2015). Continuous flooding, intermittent flooding, alternate wetting drying (AWD), 
and delayed-flooding (DF), in combination with cultural practices like conventional 
tillage (CT) or no-tillage (NT), have been studied to determine the environmental 
impact of the different practices. The drying process in the AWD and DF treatments 
showed a reduction in soil oxidation-reduction (redox) potential and favored oxidation 
and microbial reactions like the nitrification of ammonium hydrolyzed from synthetic 
fertilizers (i.e., urea). As a result, methane (CH4) emissions decreased, while nitrous 
oxide (N2O) emissions increased compared to emissions from continuously flooded 
conditions (Rector et al., 2018). Furthermore, NT reduced soil erosion and increased 
organic matter and carbon (C) substrate that can mediate the production of N2O in a 
rice field (Liu et al., 2006). 
In addition to AWD and DF, furrow-irrigation is another alternative water man-
agement scheme being tested in rice production. The furrow-irrigation system uses the 
presence of the field’s slope and gravity to distribute water in furrows adjacent to raised 
beds along the length of the field. Due to the field’s slope, the soil along the length of the 
field tends to experience temporal variability and dynamic wetting and drying cycles, 
with the lowest-elevation portion of the field often flooding in time and behaving like 
the continuous-flood system. The widely varying soil moisture conditions within a 
furrow-irrigated field can exacerbate GHG emissions.
The system most utilized to determine GHG emissions is the non-steady-state, 
non-flow-through, closed-chamber method (Venterea et al., 2010). The chamber 
method allows measurements to be obtained from small areas relying on the change 
of gas concentrations over time (Venterea et al., 2010). In a furrow-irrigated setting, 
the actual presence of the chamber base that needs to be installed may affect the soil 
moisture dynamics, such that the soil moisture inside the chamber base may differ 
from that outside the chamber. If such soil moisture differences arise, plant growth and 
productivity consequently could be affected as well. However, only one known study 
has been conducted to evaluate possible chamber effects on GHG emissions from rice 
production (Smartt et al., 2015). The objective of this study was to evaluate the effects 
of tillage (i.e., CT and NT), field position (i.e., up-, mid-, and down-slope), and chamber 
presence (i.e., inside and outside the chamber) on soil water content throughout the 
growing season, aboveground biomass, and yield in the furrow-irrigated rice production 
system in eastern Arkansas. It was hypothesized that the collars installed in the research 
area would not affect soil moisture content and plant productivity (i.e., aboveground 
biomass and yield) differentially among tillage and site position treatment combinations.
Procedures
This field study was conducted during 2018 at the University of Arkansas System 
Division of Agriculture's Rice Research and Extension Center (RREC) (34°27'58.49"N, 
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91°24'19.67"W) near Stuttgart in Arkansas County in Major Land Resource Area 131D, 
or Southern Mississippi River Terraces (USDA-NRCS, 2006), in the region locally 
referred to as the Grand Prairie. The research area was located on quaternary alluvial 
terrace deposits in the Bayou Meto basin of the Lower Mississippi River Valley on a 
DeWitt silt loam (fine, smectitic, thermic Typical Albaqualf), which is a poorly drained, 
slowly permeable soil that has been under cultivated agriculture for at least 15 years. 
The study area was approximately 1300 ft (400 m) long and 20 ft (12 m) wide with an 
average slope of 2%. Half of the study area received CT on 5 May 2018 with a disk, 
field cultivator, and a raised, ~76-cm-row spaced bedder roller. The second treatment 
constituted a stale-seed-bed cultural practice, referred here after as NT where the prior 
year beds were left intact and those plots were treated with a no-till furrow runner 
implement (Perkins Sales Inc, Bernie, Mo.) to create a small slot to ensure water flow 
was maintained in each furrow due to the shallowness of the preexisting beds. 
The study area was planted on 17 May 2018 with the hybrid cultivar RT 7311 
CL (RiceTec, Alvin, Texas). Seeds were directly drilled at a rate of 25 lb/ac (28 kg/ha) 
with 7.5 in. (19 cm) row spacing. On 5 June 2018, the study area was mechanically 
broadcast-amended with 90 lb/ac (101 kg/ha) of potassium as muriate of potash and 
60 lb/ac (67 kg/ha) of phosphorous applied as diammonium phosphate. On 13 June 
2018, the study area was mechanically broadcast-amended with 150 lb/ac (168 kg/ha) 
of coated urea (46-0-0).
After planting and fertilization, schedule 40 PVC base collars, 12 in. (30 cm) in 
diameter, 12 in. (30 cm) tall, and 0.2 in. (0.6 cm) thick, which were beveled to an angle 
of 45 °C at the base, were installed in the study area at up-slope, mid-slope, and down-
slope positions in the field (Fig. 1). The up-slope position was 300 ft (91 m) from the 
high-elevation end of the field. The mid-slope position was 300 ft (91 m) down slope 
from the up-slope position. The down-slope position was 670 ft (204 m) down slope 
from the mid-slope position and ~30 ft (9 m) up-slope from the lowest-elevation end of 
the field. At each position, three base collars were installed on top of every other raised 
bed in the CT and NT treatments. Each base collar had four, 0.5-in. (12.5-mm)-diameter 
holes equidistant to each other drilled in the side of the base collar 4 in. (10 cm) up from 
the beveled bottom to allow free movement of the water inside and outside the collar 
during irrigation. The base collars were installed on top of the beds by pushing them 
into the soil to a depth of 4 in. (10 cm), which allowed the drilled holes to be in contact 
with the soil surface. Chromel-constantan thermocouples, water content reflectometers 
(Model CS616, Campbell Scientific, North Logan, Utah), and oxidation-reduction (re-
dox) potential sensors (Model S65OKD-ORP, Sensorex, Garden Grove, Calif.) were 
installed at 2.9 in. (7.5 cm), 2.9 in. (7.5 cm), and 2 in. (5 cm) depths, respectively, in 
association with the base-collar replicates to monitor soil temperature, soil volumetric 
moisture content (VWC), and redox potential (Eh), respectively (Fig. 1). 
The study area was furrow-irrigated using 12-in. (30-cm) diameter lay-flat poly 
pipe laid out at the up-slope boundary of the study area and connected to a recycling pump 
at the down-slope position that returned tail water at the lower end of the study area back 
to the crown of the field. The water used for irrigation was from a rain-fed, surface res-
ervoir. Water usage for the entire 2018 growing season was ~2.4 in./ac (15 cm water/ha). 
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On 10 different dates [i.e., 27, 67,75, 81, 88, 95, 101, 108, 115, and 122 days after 
planting (DAP)], soil VWC measurements were recorded inside the base collars and at 
a distance of 4 in. (10 cm) from the collar in both the up-slope and down-slope direc-
tions using a Theta Probe (SM 150, Delta-T Devices Ltd, Cambridge, U.K.). On five 
of the sample dates (i.e., 27, 101, 108, 115, and 122 DAP), measurements were made 
early in the morning around 9:00 A.M., while on the other five sample dates (i.e., 67, 
75, 81, 88, and 95 DAP), measurements were made in the mid-afternoon around 4:00 
P.M. The soil VWC difference (Diff-VWC) between inside the collar and the average 
of moisture contents outside the collar was calculated (i.e., VWC inside minus VWC 
outside) for data analyses.
After the last sample date (122 DAP), aboveground biomass was collected from 
inside each collar by cutting all plants to a height of about 0.75 in. (2 cm) above the soil 
surface. At approximately 39 in. (1 m) distance from each collar, in both the up-slope 
and down-slope directions, the most representative row of rice of the two rows planted 
on top of the raised beds was selected and a 39-in. (1-m) long section was also collected. 
Therefore, for each collar, three aboveground biomass samples were collected: inside 
the collar, outside up-slope, and outside down-slope. All plant samples were placed in 
drying chamber at 130 °F (55 °C) for 7 days. The plant samples were then weighed to 
determine aboveground dry matter. After oven drying, the grain was manually separated 
from the panicles and weighed again to calculate grain yield. 
Based on a split-split-plot experimental design, a two factor analysis of variance 
(ANOVA) was performed in SAS v. 9.4 (SAS Institute, Inc., Cary N.C.), separately 
by sample date, to evaluate the effect of tillage (CT and NT) and site position (up-, 
mid-, and down-slope) on Diff-VWC, aboveground dry matter, and yield. Least square 
means were calculated to determine if Diff-VWC differed from zero and 1-sample T-test 
without equal variance and a 2-sample T-test without equal variance were performed 
using Minitab (version 13.31, Minitab, Inc., State College, Pa.) to evaluate the effect 
of the collars on aboveground dry matter and yield. Significance was judged at the 0.05 
level for all formal statistical tests.
Results and Discussion
The presence of the gas sampling base collars had minimal effect on soil VWC 
and plant growth. Based on ANOVA conducted separately by sampling date, the dif-
ference in VWC in the top 2.4 in. (6 cm) inside and outside the gas sampling base 
collars (Diff-VWC) was unaffected by tillage on each of the 10 weekly sampling dates 
and on 9 of 10 weekly sampling dates was also unaffected by field position (Table 1). 
Averaged across tillage, at 81 DAP, the difference in VWC inside and outside the gas 
sampling base collars was greater (P = 0.04) at the up- and mid-slope positions, which 
did not differ, where VWC was greater outside than inside the collars, compared to 
the down-slope position where VWC was the same inside and outside the base collars. 
In addition, neither aboveground dry matter nor yield were affected by tillage or field 
position (P > 0.05) and averaged 10.1 Mg/ha and 4.5 Mg/ha, respectively, throughout 
the entire study area. 
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On 6 of the 10 weekly sampling dates (i.e., 27, 95, 101, 108, 115, and 122 DAP), 
the difference in soil water content inside and outside the gas sampling base collars 
did not differ (P > 0.05) from zero for any of the 6 tillage-field position treatment 
combinations (Table 2). However, at 67, 75, and 81 DAP in the CT-up-slope combina-
tion, VWC was 3.9% to 12.9% greater (P < 0.05) outside than inside the base collars. 
Similarly, at 81 and 88 DAP in the NT-mid-slope combination, VWC was 15.8% to 
23.0% greater (P < 0.05) outside than inside the base collar (Table 2). In addition, at 
81 DAP in the NT-up-slope combination, VWC was 15.4% greater (P < 0.05) outside 
than inside the base collars. Deep tracks left by the passage of field equipment around 
the up- and mid-slope positions of the study area were discovered between 75 and 81 
DAP. The tracks most likely affected the down-slope movement of water in the furrows 
and consequently the VWC surrounding the base collars, specifically in the up- and 
mid-slope positions. Overall, based on 60 total field treatment-sample date combina-
tions, there were only 5 (8.3%) instances where the soil VWC differed between inside 
and outside the base collars.
Aboveground dry matter inside and outside the base collars did not differ (P > 
0.05) in the CT/up- and mid-slope and NT/up- and down-slope treatment combinations 
(Table 3). However, in the CT/down- and NT/mid-slope combinations, aboveground 
dry matter was 46% and 10%, respectively, greater (P < 0.05) outside than inside the 
collars. In addition, rice yield inside and outside the base collars did not differ (P > 
0.05) in the CT/up-, NT/up-, and NT/mid-slope treatment combinations. However, in 
the CT/mid-, CT/down-, and NT/down-slope combinations, rice yield was 57%, 61%, 
and 60%, respectively, greater (P < 0.05) outside than inside the collars. 
Although the rice yield inside the collars was lower than that outside the collars 
in 3 of the 6 tillage-field position treatment combinations, rice yield inside the base 
collars did not differ (P > 0.05) from the whole-field, combine yield (7.9 Mg/ha) for 
4 of the 6 tillage-field position treatment combinations (Table 4). Rice yield inside the 
collar from the CT/down- and NT/up-slope treatment combinations were 47% and 55%, 
respectively, lower than the whole-field, combine yield.
Significance of Findings
The results of this study demonstrate that, even though soil moisture varied over 
the course of the 2018 rice growing season due to natural rainfall and periodic furrow 
irrigation, the presence of GHG sampling base collars did not have a substantial effect 
on soil VWC, aboveground dry matter, and yield. Consequently, it appears that continued 
use of the closed-chamber method for trace gas emissions research in furrow-irrigated 
rice production is more than reasonable. This study also contributed to the already 
present literature on methods of analysis for GHGs (Venterea et al., 2010; Smartt et 
al., 2015), strengthening the validity and reliability of the vented, non-steady-state, 
non-flow-through chamber method.
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Fig. 1. Schematic diagram of the arrangement of gas sampling base collars and 
associated sensors [i.e., thermocouples (Therm) for soil temperature, water content 
reflectometers for soil volumetric water content (VWC), and oxidation-reduction potential 
(Redox) sensors for soil Eh] in conventional tilled and no-tillage, furrow-irrigated rice at 
the University of Arkansas System Division of Agriculture's Rice Research and Extension 
Center (RREC) near Stuttgart during summer 2018. Diagram not drawn to scale. 
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Table 1. Analysis of variance summary of the effects of tillage, 
field position,  and their interaction on the difference in soil 
volumetric water content (DIFF-VWC) in the top 6 cm between 
inside and outside gas sampling base collars separately among 
10 weekly sample dates and end-of-season aboveground dry 
matter and yield in furrow-irrigated rice production during 2018 
at the Rice Research and Extension Center. 
Parameter  Tillage 
Field 
position 
Tillage x field 
position 
 ---------------------------P--------------------------- 
DIFF-VWC    
  DAPa    
27 0.76 0.99 0.99 
67 0.27 0.16 0.67 
75 0.76 0.15 0.96 
81 0.43 0.04 0.74 
88 0.16 0.07 0.45 
95 0.55 0.53 0.74 
101 0.65 0.72 0.23 
108 0.44 0.63 0.69 
115 0.29 0.66 0.43 
122 0.46 0.13 0.85 
Biomass 0.67 0.84 0.58 
Yield 0.52 0.71 0.63 
a DAP = days after planting 
Bolded values were considered significant at the 0.05 level. 
	
Table 2. Summary of whether the difference in soil volumetric water content (DIFF-VWC) in 
the top 6 cm between inside and outside gas sampling base collars, separately among 10 
weekly sample dates, differed from zero in furrow-irrigated rice production during 2018 at 
the Rice Research and Extension Center.  
Field treatment 
combinationa 
Days after planting 
27 67 75 81 88 95 101 108 115 122 
--------------------------------------------------P------------------------------------------------------- 
CT-Down-slope 0.90 1.00 1.00 1.00 0.90 1.00 1.00 1.00 1.00 0.09 
CT-Mid-slope 0.94 0.49 0.09 0.16 0.27 0.09 0.57 0.36 0.06 0.79 
CT-Up-slope 0.93 0.04 0.04 0.03 0.62 0.39 0.63 0.11 0.58 0.53 
NT-Down-slope 0.76 1.00 1.00 1.00 0.86 1.00 1.00 1.00 1.00 0.51 
NT-Mid-slope 0.82 0.29 0.13 0.01 < 0.01 0.68 0.53 0.53 0.77 0.38 
NT-Up-slope 0.62 0.25 0.13 0.01 0.12 0.45 0.09 0.96 0.76 0.50 
a CT = conventional tillage; NT = no-tillage. 
Bolded values were considered significant at the 0.05 level. 
	
  AAES Research Series 659
268
Table 3. Summary of whether aboveground dry matter or yield 
differed between inside and outside gas sampling base collars 
in furrow-irrigated rice production during 2018 at the 
Rice Research and Extension Center. Bolded values were 
considered significant at the 0.05 level.   
Tillage Field Position 
Aboveground 
Dry Matter Yield 
  ------------------P------------------ 
Conventional Tillage Up-slope 0.43 0.20 
 Mid-slope 0.46 0.02 
 Down-slope 0.03 0.01 
No-tillage Up-slope 0.78 0.12 
 Mid-slope 0.01 0.67 
 Down-slope 0.12 0.04 
	
Table 4. Summary of whether the inside-base-collar yield differed from the whole-field 
combine yield in furrow-irrigated rice production during 2018 at the Rice Research and 
Extension Center. Bolded values were considered significant at the 0.05 level. 
Tillage Field Position Yield 
  ----------------P--------------- 
Conventional tillage Up-slope 0.14 
 Mid-slope 0.07 
 Down-slope 0.04 
No-tillage Up-slope < 0.01 
 Mid-slope 0.45 
 Down-slope 0.06 
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RICE CULTURE
Grain Yield Response of Diamond to 
Seeding Rate and Planting Date
D.L. Frizzell1, J.T. Hardke1, E. Castaneda-Gonzalez1, W.J. Plummer1, 
T.D. Frizzell1, and R.J. Norman2
Abstract
Traditional seeding rate studies are utilized to determine the proper seeding rates for 
new rice (Oryza sativa, L.) cultivars over a range of production/growing conditions in 
Arkansas. However, rice in Arkansas is planted from late March through June expos-
ing the crop to a range of environmental conditions which may impact performance 
related to seeding rate used. Diamond was seeded at 10, 20, 30, 40, and 50 seeds/ft2 at 
six planting dates at two locations. In accordance with current recommendations and 
predominant grower practice, all seed received insecticide and fungicide seed treat-
ments. Trials were seeded 21–22 March, 5 April, 19–20 April, 2 May, 15 May and 4–5 
June at two research stations in eastern Arkansas. Stand density and grain yield results 
were consistent with current seeding rate recommendations, where 30 seeds/ft2 (65 to 
80 lb/ac) is consistently required to achieve optimal yield, and higher seeding rates may 
be needed when planting early (March) or late (June). It should be noted that without 
the use of an insecticide seed treatment, stand density and grain yield may be reduced 
compared to results in this study. Grain yield response to seeding rate was evident at 
both locations in 2018.  Reduced grain yield was observed at the lowest (10 seeds/ft2) 
seeding rate and at times at the next lowest (20 seeds/ft2) seeding rate. 
Introduction
Optimal rice (Oryza sativa, L.) stand density for pure-line cultivars is considered 
to be 10 to 20 plants/ft2 (Hardke et al., 2019). The base recommended seeding rate for 
rice in Arkansas is 30 seeds/ft2 for pure-line varieties on silt loam soils. Seeding rate 
is then adjusted upward based on seeding method, soil type, seedbed preparation, and 
seeding date. These factors are additive up to a maximum of 50% over the base silt 
loam seeding rate. Insecticide seed treatment is currently used on approximately 73% 
1 Program Associate III, Rice Extension Agronomist, Program Associate I, Program Technician – Rice 
Agronomy, and Program Technician – Rice Agronomy, respectively, Department of Crop, Soil, and 
Environmental Sciences, Stuttgart.
2 Professor, Department of Crop, Soil, and Environmental Sciences, Fayetteville.
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of the rice acres in Arkansas (Hardke, 2018). The use of an insecticide seed treatment 
has been shown to increase stand density by over 10% and increase grain yield by an 
average of 8 bu/ac (Taillon et al., 2015). 
Planting dates outside of the optimum timing have recommendations for increased 
seeding rates of 10% if planted earlier than the optimum window and 30% if planted 
later than the optimum window. Recent research is lacking concerning these recom-
mendations for recently released cultivars. In addition, the increased use of insecticide 
and fungicide seed treatments requires that these recommendations be revisited to ensure 
recommendations maximize profit potential for rice growers. The objective of this study 
was to determine the optimal seeding rate at various planting dates to maximize grain 
yield for Diamond rice in environments and growing conditions common to Arkansas 
rice production.
Procedures
The two locations for 2018 included the University of Arkansas System Division 
of Agriculture’s Pine Tree Research Station (PTRS) near Colt, Arkansas and the Rice 
Research and Extension Center (RREC) near Stuttgart, Arkansas. The pure-line cultivar 
Diamond was seeded at PTRS on 22 March, 5 April, 19 April, 2 May, 15 May, and 5 
June; and RREC on 21 March, 5 April, 20 April, 2 May, 15 May, and 4 June. All seed 
was treated with NipsIt SUITE® seed treatment containing an insecticide and fungicides. 
Seeding rates evaluated were 10, 20, 30, 40, and 50 seeds/ft2. The midpoint of 30 seeds/
ft2 corresponds to 65–80 lb seeds/ac for most cultivars and is the base recommendation 
on well-prepared silt loam soils. Plots were eight rows (7.5-in. spacing) wide and 16.5 ft 
in length. Cultural practices otherwise followed recommended practices for maximum 
yield. The experimental design for all trials and cultivars was a randomized complete 
block design with four replications.
Stand density was determined 3 to 4 weeks after rice emergence by counting 
the number of seedlings emerged in 10 row-ft. Nitrogen (N) fertilizer was applied to 
studies at the 4- to 6-leaf growth stage at a rate of 145 lb N/acre at PTRS and 130 lb N/
acre at RREC. At maturity, the center four rows of each plot were harvested, and the 
moisture content and weight of grain were determined. Grain yields were adjusted to 
12% moisture and reported on a bushels per acre (bu./ac) basis. A bushel of rice weighs 
45 lb. Data were analyzed using analysis of variance, PROC GLIMMIX, SAS v. 9.4 
(SAS Institute, Inc., Cary, N.C.) with means separated using Fisher’s least significant 
difference test (P = 0.1).
Results and Discussion
During 2018, stand density and grain yield were influenced by a planting date 
× seeding rate interaction at the PTRS. There was not a significant interaction at the 
RREC during the 2018 study year therefore only the main effect of seeding rate on 
stand density and grain yield will be discussed. 
At PTRS during 2018, stand density generally increased as seeding rate increased 
within each planting date (Table 1). The recommended stand density of 10–20 plants/
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ft2 was noted for each planting date using the following range of seeding rates: 30–50 
seeds/ft2 planted 22 March; 20–40 seeds/ft2 planted 5 April; 40–50 seeds/ft2 planted 
19 April; 30–50 seeds/ft2 planted 2 May; 20–30 seeds/ft2 planted 15 May; and 30–40 
seeds/ft2 planted 5 June. The lowest seeding rate of 10 seed/ft2 did not result in desired 
stand density at any of the six planting dates.  
During 2018 at PTRS, grain yield within each planting date significantly increased 
as seeding rate increased from 10 to 20 or 30 seeds/ft2 and then leveled off, except for the 
2 May seeding date (Table 2). At this location, grain yields were generally lowest when 
seeded 22 March or 5 April, similar between the 19 April, 2 May and 15 May seeding 
dates, and somewhat lower seeded 5 June compared to the three previous dates. Grain 
yield of the 22 March planting date was optimized when seeded using 30–50 seed/ft2. 
Grain yield was optimized when seeded at 20–50 seed/ft2 in the 5 April, 19 April and 2 
May seeding dates. There were no differences in grain yield for any of the seeding rates 
at this location when planted 15 May. Grain yield was optimized in the 5 June planting 
date when seeded with 30–50 seeds/ft2. Although grain yield did increase as seeding rate 
increased to 20 or 30 seeds/ ft2 in the two earliest planting dates, grain yield of the 10 
seed/ft2 never equaled grain yield of any seeding rate of the studies planted mid-April 
to mid-May during 2018, except the 2 May seeding date. When planted in early June, 
a seeding rate of 40–50 seed/ft2 resulted in a grain yield similar to that measured when 
seeding 20–30 seed/ft2 in the 15 May planting date. 
At the RREC during 2018, stand density increased with each increase in seeding 
rate from 10–50 seeds/ft2 (Table 3). However, the recommended stand density of 10–20 
plants/ft2 was obtained when seeded at 20–30 seeds/ft2. Seeding rates below or above 
this range resulted in stands less than or greater than the recommended stand density, 
respectively. Grain yield at this location ranged from 186.9 bu./ac seeded at 10 seeds/
ft2 to 209.1 bu./ac seeded at 40 seeds/ft2, but was optimized using a seeding rate of 
30–50 seeds/ft2. Lower than maximum grain yield was noted for seeding rates of 10 or 
20 seeds/ft2 at this location during 2018.
Significance of Findings
Both PTRS and RREC are silt loam soil locations within the central geographic 
region of Arkansas and have similar recommended planting windows and seeding rates. 
Grain yield at PTRS was generally greater when planted mid-April to early May during 
2018. Greater increases were noted with a higher seed rate when seeded 5 June. Grain 
yield was lowest when planted prior to the optimum planting window at PTRS with a 
small trend toward increased grain yield as seeding rate increased. However, increased 
seeding rate did not result in grain yield comparable to those planted mid-April to early 
May. Increased seeding rate was beneficial to grain yield when planted early June at 
PTRS. Grain yield was optimized at seeding rates higher than 30 seeds/ft2 at these earlier 
and later planting dates which is in line with current recommended rate increases when 
seeding outside the recommended planting window for a given geographic location.
Grain yield response to seeding rate was relatively flat across planting dates at 
the RREC during 2018. Environmental conditions at this location supported optimum 
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growing conditions even when planted outside the recommended planting window. The 
lowest seeding rate of 10 seeds/ft2 generally resulted in the lowest grain yield in a given 
planting date. The 2 May planting date enforces the thought that seeding rate does not 
need to fall below the recommended rate even when planting within the recommended 
window because an environmental stress may occur that would decrease yield compared 
to that of higher seeding rates. Seeding rates lower than the current recommendation 
risk insufficient stand densities that will be unable to maximize grain yield potential. 
However, seeding rates greater that the recommended silt loam baseline of 30 seeds/ft2 
risk the potential for stand density greater than the recommended 10–20 plants/ft2 when 
no other additive environmental factors are present, which could contribute to increased 
disease pressure or lodging. Each of these could result in lower returns for rice growers.
Environmental conditions should also be taken into consideration when determin-
ing seeding rates outside of these study conditions.
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Table 1. Influence of planting date and seeding rate on stand density 
of Diamond at the University of Arkansas System Division of Agriculture’s 
Pine Tree Research Station in 2018. 
Seeding 
rate 
Planting date 
22-Mar 5-Apr 19-Apr 2-May 15-May 5-Jun 
(seeds/ft2) -------------------------------------- (plants/ft2) --------------------------------------- 
10 5.5 d† 6.2 e 5.9 d 7.1 d 6.3 e 6.6 d 
20 9.3 c 11.9 d 7.7 c 9.7 c 13.3 d 10.6 c 
30 13.0 ab 14.7 c 9.8 b 13.4 b 20.6 c 16.3 b 
40 10.9 bc 18.9 b 12.5 a 16.5 a 27.7 b 20.4 ab 
50 16.8 a 23.4 a 13.8 a 17.5 a 37.6 a 23.3 a 
P-value 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
† Means within a column followed by the same letter are not significantly 
  different (P < 0.1). 
 
Table 2. Influence of planting date and seeding rate on grain yield of Diamond 
at the University of Arkansas System Division of Agriculture’s 
Pine Tree Research Station in 2018. 
Seeding 
rate 
Planting date 
22-Mar 5-Apr 19-Apr 2-May 15-May 5-Jun 
(seeds/ft2) ---------------------------------- (grain yield (bu./ac) ---------------------------------- 
10 137.4 c† 154.4 b 207.4 b 218.6 186.5 b 162.7 c 
20 151.3 bc 175.5 a 221.0 a 224.8 201.7 a 186.1 b 
30 164.3 ab 171.3 a 220.5 a 224.7 209.2 a 195.9 ab 
40 166.2 ab 181.5 a 222.4 a 226.1 213.6 a 206.9 a 
50 175.5 a 173.9 a 223.6 a 229.3 214.4 a 207.1 a 
P-value 0.0169 0.0243 0.0658 NS‡ 0.0069 <0.0001 
† Means within a column followed by the same letter are not significantly different (P < 0.1). 
‡ NS = not significant. 
 
Table 3. Influence of seeding rate on stand density and grain yield 
of Diamond at the University of Arkansas System Division of 
Agriculture’s Rice Research and Extension Center in 2018. 
Seeding rate Stand density Grain yield 
(seeds/ft2) (plants/ft2) (bu./ac) 
10 6.9 e† 186.9 c 
20 12.3 d 200.5 b 
30 17.4 c 204.8 ab 
40 21.3 b 209.1 a 
50 24.4 a 207.5 a 
P-value  <0.0001 <0.0001 
† Means within a column followed by the same letter are not 
  significantly different (P < 0.1). 
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RICE CULTURE
Grain Yield Response of Four New Rice Cultivars to Seeding Rate
D.L. Frizzell1, J.T. Hardke1, E. Castaneda-Gonzalez1, 
W.J. Plummer1, T.D. Frizzell1, and R.J. Norman2
Abstract
The cultivar × seeding rate studies determine the proper seeding rates for new rice 
(Oryza sativa, L.) cultivars over a range of production/growing conditions in Arkansas. 
The four rice cultivars evaluated in 2018 were CL153, CL172, Diamond, and Titan. 
Each cultivar was seeded at 10, 20, 30, 40, and 50 seeds/ft2. In accordance with cur-
rent recommendations and predominant grower practice, all seed received insecticide 
and fungicide seed treatments. Trials were seeded at two on-farm locations in eastern 
Arkansas. Stand density and grain yield results were consistent with current seeding 
rate recommendations of 30 seeds/ft2 (65 to 80 lb/ac) under optimum conditions and 
seeding dates on silt loam soils. Adverse conditions such as late seeding date or clay 
soil types currently recommend a 20% seeding rate increase (36 seed/ft2) compared to 
a loamy soil and optimum seeding date. It should be noted that without the use of an 
insecticide seed treatment, stand density and grain yield may be reduced compared to 
results in this study. Grain yield response to seeding rate was clear at both locations in 
2018. Reduced grain yield was observed at times at the two lowest (10–20 seeds/ft2) 
seeding rates. While grain yields at the currently recommended seed rate of 30 seeds/
ft2 were not significantly different than those at the 40 or 50 seeds/ft2.
Introduction
Optimal rice (Oryza sativa, L.) stand density for pure-line cultivars is considered 
to be 10 to 20 plants/ft2 (Hardke et al., 2019). Rice seeding rate is adjusted as needed to 
meet field specific conditions but generally 30 seeds/ft2 on silt loam soils and 36 seeds/
ft2 on clay soils are adequate to obtain the desired stand density. The use of an insecti-
cide seed treatment has been shown to increase stand density by over 10% and increase 
grain yield by an average of 8 bu./ac (Taillon et al., 2015). Use of an insecticide seed 
treatment has increased in recent years and is currently used on approximately 73% of 
1 Program Associate III, Rice Extension Agronomist, Program Associate I, Program Technician – Rice 
Agronomy, and Program Technician – Rice Agronomy, respectively, Department of Crop, Soil, and 
Environmental Sciences, Stuttgart.
2 Professor, Department of Crop, Soil, and Environmental Sciences, Fayetteville.
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the rice acres in Arkansas (Hardke, 2018). Lower stand densities and grain yields may 
be expected when planting without the use of insecticide seed treatments. 
The release of new cultivars, combined with changes in production practices 
including the use of insecticide and fungicide seed treatments, requires the continued 
evaluation of seeding rates for new cultivars to ensure recommendations maximize profit 
potential for rice growers. The objective of this study was to determine the optimal 
seeding rate to maximize grain yield for four new rice cultivars in environments and 
growing conditions common to Arkansas rice production.
Procedures
The two on-farm locations for the 2018 cultivar × seeding rate studies included 
a grower field in Prairie Co. on a silt loam soil near Slovak, Arkansas, and a grower 
field in Randolph Co. on a silt loam soil near Walnut Ridge, Arkansas. The pure-line 
cultivars CL153, CL172, Diamond, and Titan were seeded at Prairie Co. on 18 April, 
and Randolph Co. on 2 May. All seed was treated with NipsIt SUITE® seed treatment 
containing an insecticide and fungicides. Seeding rates evaluated for each cultivar were 
10, 20, 30, 40, and 50 seeds/ft2. The midpoint of 30 seed/ft2 corresponds to 65 to 80 lb 
seed/ac for most cultivars and is the base recommendation on well-prepared silt loam 
soils. Plots were 8 rows (7.5-in. spacing) wide and 16.5 ft in length. Cultural practices 
otherwise followed recommended practices for maximum yield. The experimental design 
for all trials and cultivars was a randomized complete block design with 6 replications.
Stand density was determined 3–4 weeks after rice emergence by counting the 
number of seedlings emerged in 10 row-ft. Nitrogen (N) was applied to studies at the 
4- to 6-leaf growth stage in accordance with the grower’s standard practice. At maturity, 
the center 4 rows of each plot were harvested, and the moisture content and weight of 
grain were determined. Grain yields were adjusted to 12% moisture and reported on 
a bushels/acre (bu./ac) basis. A bushel of rice weighs 45 lb. Data were analyzed using 
analysis of variance, PROC GLM, SAS v. 9.4 (SAS Institute, Inc., Cary, N.C.) with 
means separated using Fisher’s least significant difference test (P = 0.05).
Results and Discussion
During 2018, stand density was not influenced by a cultivar × seeding rate interac-
tion but only by main effect of seeding rate at each location. At Prairie Co. on a silt loam 
soil, stand density increased as seeding rate increased from 10 to 50 seed/ft2 and was 
similar between 30 and 40 seeds/ft2 (Table 1). Stand density within the recommended 
range of 10 to 20 plants/ft2 was obtained using 30–50 seeds/ft2.
At Randolph Co. on a silt loam soil, stand density increased as seeding rate in-
creased from 10 to 50 seeds/ft2 (Table 1).  Stand density within the recommended range 
of 10 to 20 plants/ft2 was obtained using 20–40 seeds/ft2. Seeding rates of 10 or 50 seeds/
ft2 resulted in stand densities below or above the recommended range, respectively.
During 2018, grain yield was influenced by a cultivar × seeding rate interaction 
at Prairie Co. but not at Randolph Co. (Table 2). At Prairie Co., grain yield of CL153 
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increased as seeding rate increased, was optimized at 30 to 50 seeds/ft2, and was lowest 
at the 10 seeds/ft2 seeding rate. Seeding rate did not influence grain yield in CL172, 
Diamond or Titan at this location during 2018.
The main effect of seeding rate had a significant influence on grain yield at Ran-
dolph Co. during 2018 (Table 2). Grain yield was optimized using 30 to 50 seeds/ft2 
and was lowest when the seeding rate was 10 seeds/ft2.  
Comparison of grain yields of each cultivar at both locations by converting to 
percent of optimal yield is provided in Fig. 1. At Prairie Co., CL153 grain yield was 
maximized at the 50 seeds/ft2 seeding rate and greater than 95% optimal grain yield was 
obtained with a seeding rate of 40 or 50 seeds/ft2. The CL172 grain yield was maxi-
mized at 50 seeds/ft2 and greater than 95% optimal grain yield was obtained using 20 
to 50 seeds/ft2. Maximum grain yield for Diamond at this location was obtained at 10 
and 20 seeds/ft2 and all seeding rates resulted in greater than 95% optimal grain yield 
during this study year. Titan grain yield was maximized at the 50 seeds/ft2 seeding rate 
and seeding rates of 20 to 50 seeds/ft2 resulted in greater than 95% optimal grain yield. 
At Randolph Co. seeding rates of 20 to 50 seeds/ft2 resulted in greater that 
95% optimal grain yield for CL153, CL172 and Diamond during 2018. Grain yield 
was maximized at 30 seeds/ft2 for CL153, 40 seeds/ft2 for CL172 and 50 seeds/ft2 for 
Diamond. Titan grain yield was lowest at this location when seeded at 10 seeds/ft2 and 
maximized grain yield at a seeding rate of 40 seeds/ft2. In addition, 20 seeds/ft2 was 
the only other seeding rate that resulted in greater than 95% optimal grain yield at this 
location during 2018.   
In general, at both locations during 2018, the lowest seeding rate of 10 seeds/ft2 
resulted in less than 95% optimal grain yields for the four cultivars. In addition, the 20 
seeds/ft2 seeding rate was sufficient to obtain a stand density within the recommended 
range at Randolph Co. but was not sufficient at Prairie Co. This may have contributed 
to lower grain yield for the majority of the cultivars at both locations compared to the 
grain yield of the four cultivars seeded at 30 to 50 seeds/ft2. However, seeding rates 
greater that the recommended 30 seeds/ft2 risk the potential for stand density greater 
than the recommended 10 to 20 plants/ft2, which could contribute to increased disease 
pressure or lodging. 
Significance of Findings
The cultivar × seeding rate studies in 2018 agree with previous research that 
an optimum seeding rate for new rice cultivars grown on a silt loam soil and well-
prepared seedbed and within the recommended planting window for a given location 
is approximately 30 seeds/ft2. This corresponds to a seeding rate of 65 to 80 lb seed/
ac depending on seed size of individual cultivars. Seeding rates lower than the current 
recommendation risk insufficient stand densities that will be unable to maximize grain 
yield potential. The findings from this study are based on results from silt loam soils and 
currently recommended seeding rate adjustments based on soil type and seeding date. 
Environmental conditions should also be taken into consideration when determining 
seeding rates outside of these study conditions.
277
  B.R. Wells Arkansas Rice Research Studies 2018
Acknowledgments
The authors wish to thank all Arkansas rice growers for financial support through 
the Rice Check-Off administered by the Arkansas Rice Research and Promotion Board; 
support also provided by the University of Arkansas System Division of Agriculture and 
Horizon Ag. Thank you to Brent Griffin, Prairie County CES; Mike Andrews, Randolph 
County CES; and Herb Ginn, Lawrence County CES for their help with this study.
Literature Cited
Hardke, J.T. 2018. Trends in Arkansas rice production, 2017. In: R.J. Norman and   
K.A.K. Moldenhauer (eds.). B.R. Wells Arkansas Rice Research Studies 2017. 
University of Arkansas Agricultural Experiment Station Research Series 651:11-
21. Fayetteville, Ark.
Taillon, N.M., G.M. Lorenz, J. Black, W.A. Plummer, and H.M. Chaney. 2015. 
Insecticide seed treatments in rice: is there value to the grower? In: R.J. Norman 
and K.A.K. Moldenhauer (eds.). B.R. Wells Rice Research Studies 2015. Univer-
sity of Arkansas Agricultural Experiment Station Research Series 626:137-144. 
Fayetteville, Ark.
Hardke, J.T, Y. Wamishe, G. Lorenz, and N. Bateman. 2019. Rice stand establish-
ment. In: J.T. Hardke (ed.). Arkansas Rice Production Handbook. University 
of Arkansas System Division of Agriculture Cooperative Extension Service 
MP192:29-38. Little Rock, Ark.
 
Table 1. Influence of seeding rate on stand density at 
two locations during 2018. 
Seeding rate 
Stand density† 
Prairie‡ Randolph 
(seeds/ft2) -------------------------- (plants/ft2) -------------------------- 
10 6.6 d§ 7.9 e 
20 9.3 c 12.3 d 
30 13.3 b 16.6 c 
40 14.7 b 19.4 b 
50 16.5 a 22.5 a 
LSD0.05¶ 1.6 1.2 
† Averaged across CL153, CL172, Diamond, and Titan cultivars. 
‡ Prairie = farmer field in Prairie Co. on a silt loam soil; and Randolph = farmer field 
  in Randolph Co. on a silt loam soil. 
§ Means within a column followed by the same letter are not 
  significantly different (P > 0.05). 
¶ LSD = least significant difference. 
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Table 2. Influence of seeding rate and cultivar on 
rice grain yield at two locations during 2018. 
Seeding 
rate 
Grain yield 
Prairie† 
Randolph CL153 CL172 Diamond Titan 
(seeds/ft2) ------------------------------ (bu./ac) ------------------------------ 
10 128.5 c‡ 172.0 199.8 194.2 187.8 c 
20 150.1 b 179.6 199.9 209.2 199.0 b 
30 158.3 ab 180.5 192.5 208.4 200.6 ab 
40 163.8 a 181.9 198.1 204.0 206.3 a 
50 166.9 a 183.8 199.3 209.7 201.6 ab 
LSD0.05§ 10.0 NS¶ NS NS 6.2 
† Prairie = farmer field in Prairie Co. on a silt loam soil; 
  and Randolph = farmer field in Randolph Co. on a silt loam soil. 
‡ Means within a column followed by the same letter 
  are not significantly different (P > 0.05). 
§ LSD = least significant difference. 
¶ NS = not significant. 
 
Fig. 1. Influence of seeding rate on rice grain yield in on-farm seeding rate trials in Prairie 
and Randolph Counties during 2018. Percent of optimal grain yield calculated based on 
the highest grain yield at each location equivalent to 100% optimal grain yield.
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RICE CULTURE
Agronomics of Alternate Wetting and Drying
T.D. Frizzell1, J.T. Hardke1, W.J. Plummer1, D.L. Frizzell1, 
E. Castaneda-Gonzalez1, and K.F. Hale1
Abstract
The majority of rice in Arkansas is grown using a direct-seeded, delayed-flooded system. 
In recent years, growers have increased their interest in alternative irrigation management 
strategies. Small-plot trials were conducted in 2018 on a DeWitt silt loam soil at the 
University of Arkansas System Division of Agriculture's Rice Research and Extension 
Center to evaluate irrigation management practices of rice grown in an alternate wetting 
and drying system. Water moisture tensions (deficits) of 15, 30, and 45 centibar (cb) 
were used to trigger irrigation events. A conventional permanent flood was also included 
for comparison. Alternate wetting and drying systems appeared to remain competitive 
with a permanent flood for all factors evaluated including grain yield.
Introduction
Approximately 95% of Arkansas rice is irrigated using a conventional flood system 
(Hardke, 2018). In this system, a permanent flood is initiated at the 4- to 5-lf growth 
stage and maintained until near grain maturity. The remaining acres were irrigated using 
furrow irrigation or alternate wetting and drying. Since 2015, rice acres in Arkansas 
produced using alternate wetting and drying have increased from 1.7% to 3.3%. In an 
alternate wetting and drying (AWD) system, also known as intermittent flooding, the 
permanent flood is established but then allowed to naturally subside before the water 
level is brought back to a permanent flood. This practice is repeated throughout the 
season until drained normally for harvest.
With these changes in irrigation management, timing of irrigation events needs 
to be refined to ensure maximum grain yields and minimal irrigation use. In an AWD 
system, the timing of re-establishing the permanent flood is typically based on a relative 
soil moisture level ranging from “muddy” to a small amount of standing water. In this 
system, the decision to irrigate is highly subjective. To better define the timing of rice 
irrigation management in AWD systems, trials were initiated in 2017 to determine the 
optimum soil moisture level at which to initiate irrigation events.
1 Program Technician, Rice Extension Agronomist, Program Technician, Program Associate III, 
Program Associate I, and Program Associate I, respectively, Department of Crop, Soil, and 
Environmental Sciences, Stuttgart.
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Procedures
During 2018, a study was located at the University of Arkansas System Division 
of Agriculture's Rice Research and Extension Center on a DeWitt silt loam. The AWD 
trial was planted to RT Gemini 214 CL, CL153, RT XP753, and Diamond cultivars 
in plots 8 rows wide (7.5-in. spacing) and 16.5 ft in length. Plots were seeded on 30 
April, emerged 6 May, and irrigation began on 14 June. The pure-line cultivars CL153 
and Diamond were planted at 30 seeds/ft2 and the hybrids RT Gemini 214 CL and RT 
XP753 were planted at 10.3 seeds/ft2.
After the permanent flood was initiated on 14 June, flood levels were maintained 
at a 2 to 4 in. depth for 14 days. Once this initial window was complete, all bays were 
flooded fully to a 4-in. depth and then natural flood dissipation was allowed to begin 
in the three moisture deficit treatments. A single preflood N application of 120 lb N/
ac was made prior to initial flood establishment. Aside from irrigation management, 
cultural management practices followed those for a traditional, permanent flood system. 
Watermark soil moisture sensors were installed prior to flood establishment at a depth 
of 4 inches.
The study was arranged as a split-block design with whole plots as soil moisture 
deficits of 15, 30, and 45 centibar (cb); a conventionally flooded control with two rep-
lications; and sub-plots as cultivars with three replications. Irrigation events occurred 
anytime moisture sensors exceeded their treatment soil moisture deficit.
Results and Discussion
There was no interaction between cultivar and irrigation treatment (P = 0.5236), 
therefore irrigation treatments were analyzed averaged across cultivars (Table 1). Across 
cultivars, the 15 cb treatment produced significantly higher grain yields than the 30 cb 
and flood treatments. However, the flood treatment resulted in higher head rice yields 
than the 15 and 30 cb treatments. Averaged across cultivars, there were no significant 
differences in harvest moisture, test weight, or total rice.
Despite the lack of interaction, the evaluation of individual cultivars by irriga-
tion treatment are provided in Table 2. The hybrids RT Gemini 214 CL and RT XP753 
displayed no significant differences in grain yield or any other factors based on AWD 
treatment. However, the hybrids had significantly higher head rice yields for the flood 
treatment compared to all of the AWD treatments. The pure-line cultivars CL153 and 
Diamond had significant differences in grain yield, but all AWD treatments were equal 
to or greater than the flood treatment. There were no significant differences for any 
other factors evaluated for CL153 and Diamond.
Significance of Findings
Data collected from these studies will be used to give direction to future research 
efforts for irrigation management of alternate wetting and drying rice systems. However, 
based on the results of this year and those in 2017, it appears that moisture deficits 
should be kept low to ensure optimal grain yield potential.
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Table 1. Alternate wetting and drying rice trials at the University of Arkansas 
System Division of Agriculture’s Rice Research and Extension Center near 
Stuttgart, Arkansas in 2018. 
Soil moisture 
tension 
Harvest 
moisture 
Test 
weight Grain yield 
 
Head rice 
 
Total rice 
 (%) (lb/bu.) (bu./ac) (g) (g) 
15 cb 15.9† 48.2 239 a 48.4 c 66.1 
30 cb 16.1 48.1 223 c 49.1 bc 65.5 
45 cb 16.0 48.2 234 ab 49.5 ab 66.0  
Flood 16.6 47.5 225 bc 50.2 a 65.7  
LSD0.10 NS‡ NS 9.2 1.0 NS 
† Means followed by the same letter within a column are not 
  significantly different (P > 0.10). 
‡ NS = not significant. 
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Table 2. Alternate wetting and drying rice trials at the University of Arkansas 
System Division of Agriculture’s Rice Research and Extension Center near 
Stuttgart, Arkansas in 2018. 
Cultivar 
Soil 
moisture 
tension 
Harvest 
moisture 
Test 
weight 
Grain 
yield 
Head 
rice 
Total 
rice 
  (%) (lb/bu.) (bu./ac) (g) (g) 
CL153 15 cb 15.9 48.4 213 a† 51.9 65.7 
 30 cb 16.4 47.9 188 b 51.0 64.9 
 45 cb 17.5 46.7  201 ab 50.7 65.2 
 Flood 17.2 47.2 187 b 50.1 64.5 
 LSD0.10 NS‡ NS 14.2 NS NS 
RT Gemini 214 CL 15 cb 15.6 48.3 261 48.7 b 65.5 a 
 30 cb 16.2 47.7 242 48.8 b 64.6 b 
 45 cb 15.4 48.7 252 49.0 b 65.5 a 
 Flood 17.7 47.4 246 50.3 a 65.7 a 
 LSD0.10 NS NS NS 1.2 0.81 
Diamond 15 cb 16.2 48.2 234 a 45.2 64.8 
 30 cb 15.7 48.6 215 bc 48.1 64.2 
 45 cb 15.5 48.7 230 ab 48.2 64.4 
 Flood 17.1 47.3 214 c 48.0 63.9 
 LSD0.10 NS NS 14.4 NS NS 
RT XP753 15 cb 16.1 47.8 246 48.1 b 68.2 
 30 cb 16.0 48.1 245 48.7 b 68.5 
 45 cb 15.5 48.6 254 50.2 b 69.1 
 Flood 14.3 48.1 253 52.6 a 68.6 
 LSD0.10 NS NS NS 2.1 NS 
† Means followed by the same letter within a column and cultivar are not significantly 
different (P > 0.10). 
‡ NS= not significant. 
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Delineation of Continuous, Critical Leaf Potassium 
Concentrations during Reproductive Growth for 
Monitoring Rice Potassium Status
C.E. Gruener1, N.A. Slaton1, J.T. Hardke2, T.L. Roberts1, 
A.D. Smartt1, and M.D. Coffin1
Abstract
Potassium (K) deficiency can limit rice (Oryza sativa L.) grain yield on soils low in 
exchangeable K. Our primary objective was to develop critical Y-leaf K concentrations 
between the R0 and R4 growth stages for flood-irrigated rice. Ten Y-leaves were col-
lected weekly during reproductive growth from selected fertilizer-K rates (0 to 160 lb 
K2O/acre) in 5 trials with Mehlich-3 extractable soil K ranging from 32 to 109 ppm. 
The Y-leaves were dried, digested, and analyzed using traditional laboratory methods. 
The R1 growth stage was predicted using the Degree-Day 50 (DD50) program and 
rice development at each sample date expressed as days after R1 stage (DAR1). The 
critical-K concentration across time was defined as the leaf-K concentration predicted 
to produce 95% relative yield. Yield increases from K fertilization occurred at 2 of the 
5 trials. In the two K responsive trials, rice receiving no fertilizer K produced 74% and 
82% of the maximum yield produced by rice fertilized with K. In general, Y-leaf K 
concentration in K-sufficient rice was greatest at the R1 stage and declined with rice 
development suggesting that the critical Y-leaf K concentration should also change 
across time. Regression of relative yield data across Y-leaf K concentrations for 7 day 
intervals accounted for 49% to 63% of the relative yield variation among all site-year 
data. Omission of data from one site-year with an atypical yield response increased the 
range of r2 values 0.63 to 0.79 (n = 230). Results suggest that the Y-leaf can be used to 
assess rice K nutrition using the accumulation.
Introduction
In Arkansas, 62% of the soils cropped to rice (Oryza sativa L.) and soybean 
[Glycine max (L.) Merr.] have suboptimal potassium (K) levels (DeLong et al., 2017). 
Rice yield losses due to K deficiency are generally less than 10%, but can be as great 
1 Graduate Assistant, Professor, Assistant Professor, Program Associate I, and Graduate Assistant, respec-
tively, Department of Crop, Soil, and Environmental Sciences, Fayetteville.
2 Rice Extension Agronomist, Department of Crop, Soil, and Environmental Sciences, Stuttgart.
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as 30% and potentially greater due to the role of K in disease tolerance (Slaton et al., 
2009). The most common method to prevent K deficiency in rice is to apply fertil-
izer K prior to planting based on soil-test K. If K deficiency is suspected during the 
growing season, plant samples can be collected and analyzed to diagnose the problem 
and potentially apply fertilizer K to correct the deficiency. Currently, research-based 
interpretation of rice-K concentration is limited to whole-plant samples collected at two 
reproductive growth stages of rice, R1 (panicle differentiation) and R3 (50% heading). 
There is a lack of research to correlate rice-tissue K status to yield potential across 
reproductive growth stages. Thus, there are no research-based definitions that account 
for plant growth stage to interpret plant K nutritional status for the four to five weeks 
between R1 and R3 stages. If continuous critical leaf-K concentrations were known, 
a timely fertilizer K application could reduce or prevent yield loss. Maschmann et al. 
(2010) reported that fertilizer K applied following flag leaf emergence (late boot stage) 
allowed for near maximal yield production. Our research objective was to develop a 
continuous critical K concentration for rice Y-leaves between the R0 (panicle initiation) 
and R4 (anthesis) growth stages.
Procedures
Five field experiments were established during 2018 and included short- and long-
term K fertilization trials at the University of Arkansas System Division of Agriculture’s 
Pine Tree Research Station, Colt, Arkansas, on Calloway or Calhoun silt-loam soils. 
Prior to fertilizer application and planting, composite soil samples (0–4 inches deep) 
were collected from each no fertilizer-K control plot at all sites as well as from 40 and 
160 lb K2O/ac/yr plots in the long-term K trial (Table 1). Soil samples were analyzed 
for soil pH (1:2 soil:water mixture), Mehlich-3 extractable soil nutrients and, for the 0 
lb K2O/ac plots, soil organic matter (Table 1). The long-term K fertilization trial (Trial 
A) individual plots were 25-ft wide by 16-ft long and short-term trial plots were 6.5-ft 
wide by 20-ft long. A long-grain inbred variety or hybrid was seeded in each trial. The 
four short-term trials were located in two fields with the inbred and hybrid cultivars 
planted in adjacent areas (Trials B and C or D and E) within the same field. Potassium 
rates ranging from 0 to 160 lb K2O/ac were applied preplant as muriate of potash with 
four replicates of each rate in a trial. In the long-term trial, K applications are made to 
the same plots every year, while short-term trials were established for the duration of 
the 2018 growing season. All other fertilization practices were made uniformly across 
plots within each trial and included 40 lb P2O5/ac as triple superphosphate broadcast 
on the soil surface prior to planting, and urea broadcasted at a rate of 100 to 130 lb N/
ac prior to flooding. A flood was established at each trial within 2 days after preflood-N 
application and maintained until it was drained prior to harvest.  
Tissue samples were collected from one to three K rates with the number of 
sampled treatments based on the expected yield response to K fertilization. Plant samples 
were collected weekly from the beginning of reproductive growth at panicle initiation 
(R0) through anthesis (R4), representing 6 or 8 sample times across 42 to 56 days. At 
each sample time, 10 Y-leaf blades (the uppermost fully extended leaf with a visible 
collar, separated from the sheath at the leaf collar) from each plot were collected from 
an inside row and placed in a bag. Leaf samples were dried in an oven until a constant 
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weight was reached, ground to pass a sieve with 1-mm openings, weighed, and digested 
with concentrated nitric acid and hydrogen peroxide. The concentration of K, along 
with other nutrients, in the digested samples were determined by inductively coupled 
plasma atomic emission spectrophotometry. 
The Degree-Day 50 (DD50) program was used to predict 0.5-inch internode elon-
gation (R1), providing an estimated date to start sampling and growth-staging plants. 
Growth-staging between the R0 (panicle initiation) and R2 (flag leaf collar formation) 
stages was done by sampling whole plants and measuring total internode movement. 
At the R2 and R3 stages, the percentage of plants having fully emerged flag leaves or 
partially exerted panicles, respectively, in each sampled plot was measured. A small-plot 
combine was used to harvest the middle five rows of each plot and grain weights were 
adjusted to a uniform moisture content of 12% to calculate final grain yield for statisti-
cal analysis. Percent relative yield was calculated for each replicate of each trial where 
the highest numerical yielding treatment in each replicate had a relative yield of 100%. 
Analysis of variance was performed on grain yield data from each trial using the 
MIXED procedure of SAS v. 9.4 (SAS Institute, Cary, N.C.). For each site, Y leaf-K 
concentration was regressed across sample time with the sampled K rates as an intercept 
term using the MIXED procedure. Sample time was expressed as days after R1 (DAR1). 
The relationship between relative rice yield and Y-leaf K concentration for 7 day intervals 
was determined using linear or quadratic models with the REG procedure. The model 
was solved to predict the Y-leaf K concentration that produced 95% relative yield.
Results and Discussion
Rice yield was affected by fertilizer-K rate at only two of the five trials (A and 
D; Table 2), which had the lowest soil-test K values (Table 1) and were planted with 
Diamond. Trial A, the long-term trial, showed significant yield differences among 
annual-K rates, where grain yield increased as K rate increased from 0 to 80 lb K2O/
ac/yr and then statistically plateaued (Table 2). The field containing trials B and C had 
a medium (91–130 ppm) soil-test K level, which provided sufficient K availability 
to rice and, as anticipated, rice yield was not affected by K fertilization for either the 
pure-line or hybrid cultivars. The grain yield of hybrid rice in trial E did not respond 
to K fertilization; but, in trial D, Diamond rice yield was maximized by application of 
120 to 160 lb K2O/acre. In the two responsive trials, rice that received no fertilizer K 
produced relative yields of 74% (A) and 82% (D) of the maximum yield of rice receiv-
ing an optimal fertilizer-K rate.
For trial A, the Y-leaf K concentrations of rice fertilized with 160 lb K2O/ac 
were greatest among the sampled K rates and declined as rice progressed from the R1 
to the R4 stage (Fig. 1). The Y-leaf K concentrations of rice fertilized with 0 and 40 
lb K2O/ac showed minimal changes across time, and were always numerically lower 
than rice receiving a greater K rate. Based on the Y-leaf K concentration trends across 
time we expect that Y-leaf K concentration will be most predictive of rice K nutrition 
and relative yield during early reproductive growth because by the R2 stage, leaf-K 
concentration was numerically similar among the three annual-K rates. In general, the 
trends in Y-leaf K concentration for trials B, C, D, and E, (not shown) were compare 
to the trend described for trial A.
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The relationship between relative yield and Y-leaf K concentration allocated into 7 
day intervals, was quadratic and significant for all time intervals except the 15–21 days 
period which was significant and linear (Fig. 2). The preliminary leaf-K concentrations in 
7 day intervals predicted to produce 95% yield is shown in Table 3. The results indicate 
that the critical Y-leaf K concentration declines as rice advances through reproductive 
growth, the relationship remained surprisingly strong throughout reproductive growth 
with r2 values ranging from 0.51 to 0.63. The omission of trial E data (atypical yield 
results) resulted in higher overall r2 values for each interval but had minimal effect on 
the predicted critical Y-leaf K concentration required to produce 95% relative yield.
Significance of Findings
Rice Y-leaves are relatively easy to collect and provide a more practical and 
executable protocol for monitoring rice plant-K nutrition than whole-plant samples. 
Preliminary results suggest rice Y-leaves provide meaningful information about rice 
plant K nutrition and yield responsiveness to K fertilization. The preliminary results also 
suggest that Diamond, an inbred cultivar, and Gemini 214 CL, a hybrid, may respond 
differently to K fertilization. The current data set includes a total of 310 plot-level, 
Y-leaf K concentrations and relative yield data pairs from five site-years of research. 
The addition of more data in 2019 will provide a more diverse and robust data set to 
evaluate the consistency of these preliminary findings. 
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Table 1. Selected soil chemical property means (0–4 inch depth, n = 4 to 6) from 
five trials used to evaluate rice response to different K fertilization rates at the 
University of Arkansas System Division of Agriculture’s 
Pine Tree Research Station, Colt, Arkansas, in 2018. 
Trial 
Soil 
series Variety 
Fertilizer K 
rate Soil pH† Soil OM‡ 
Mehlich-3 extractable soil 
nutrients 
P K Ca Mg Zn 
     lb K2O/ac -----------%----------- -----------------ppm----------------- 
A Calhoun Diamond 
0 8.1 2.6 42 32 3361 412 9.7 
40 8.1 - 39 51 3318 428 9.1 
160 8.0 - 35 84 2875 397 9.4 
B Calloway Diamond 0 6.4 2.6 29 111 1274 214 1.8 
C Calloway Gemini 0 6.4 2.3 31 103 1219 197 1.6 
D Calloway Diamond 0 7.6 2.3 14 66 2238 324 1.4 
E Calloway Gemini  0 7.7 2.3 13 68 1919 316 1.4 
† Soil pH measured in a 1:2 soil:water mixture. 
‡ OM = organic matter weight loss on ignition. 
 
Table 2. Rice grain yield as affected by fertilizer-K rate from five field trials at 
the University of Arkansas System Division of Agriculture’s Pine Tree 
Research Station, Colt, Arkansas, in 2018. 
Trial Cultivar Fertilizer-K rate (lb K2O/acre)  0 40–50 80–100 120 150–160 P-value 
  -----------------------------bu./ac------------------------------  
A Diamond 166 c† 200 b 210 ab 219 a 221 a 0.0002 
B Diamond 206 ab 204 ab 199 b 201ab 212 a 0.1828 
C Gemini 241 a 244 a 238 a - 247 a 0.4715 
D Diamond 177 d 195 c 201 bc 204 ab 213 a <0.0001 
E Gemini 234 ab 226 b 238 a - 226 b 0.1017 
† Means in the same row followed by different letters are significantly 
  different (P < 0.05). 
 
Table 3. The number of observations, coefficient of determination, and 
predicted critical Y-leaf K concentration (PCYLK) needed to produce 95% 
relative yield for 7-day intervals following the R1 growth stage as 
estimated by a linear or quadratic model. The relationships are defined for 
i) for all trial data together and ii) four of the five trial data (trial E omitted). 
Days after R1 
All site-years data Four site-years data 
Obs.† r2 PCYLK Obs. r2 PCYLK 
Days n  % K n  % K 
1–7 60 0.54 1.72 48 0.63 1.77 
8–14 72 0.63 1.54 60 0.74 1.61 
15–21 48 0.49 1.73 36 0.79 1.76 
22–28 48 0.51 1.50 36 0.68 1.52 
29–35 28 0.58 1.27 16 0.64 1.29 
36–42 44 0.57 1.19 32 0.65 1.20 
† Obs. = Observations. 
  AAES Research Series 659
288
Fig. 1. Percent leaf tissue K shown as time since days after R1 at trial A with growth 
stages R2, R3, and R4 identified.
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Fig. 2. . Percent relative yield as shown against percent leaf K for the first 7-day interval. 
Horizontal line at 95% relative yield.
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2018 Rice Grower Research and 
Demonstration Experiment Program 
K.F. Hale1 and J.T. Hardke1
Abstract
The Rice Grower Research and Demonstration Experiment (GRADE) Program was 
conducted in commercial rice fields at seven locations across Arkansas in 2018. Until 
the 2017 growing season, the University of Arkansas System Division of Agriculture 
relied primarily on two methods of testing research-based recommendations: small-plot 
research, with plots small but standardized; and the Rice Research Verification Program 
(RRVP) which is in place to verify that small-plot based recommendations are effec-
tive on a commercial scale. The common size of a small plot is one-thousandth of an 
acre, while the RRVP is an entire field, ranging anywhere from 20 to over 100 acres. 
The Rice GRADE Program utilizes large-block, replicated strip trials designed to be a 
link between the RRVP and small-plot testing. Each plot in these trials ranges in size 
from 0.5 to 3 acres. 
Introduction
The Rice Grower Research and Demonstration Experiment (GRADE) Program 
was established by the University of Arkansas System Division of Agriculture’s Coopera-
tive Extension Service and the Arkansas Rice Research and Promotion Board in 2017. 
The purpose of the Rice GRADE Program is to coordinate and demonstrate large-scale 
plot performance of rice recommendations and cultivars in commercial production 
fields across the Arkansas production regions. The overall objective of the program is 
to increase confidence and visibility of research by bridging the gap between small-plot 
research trials and whole-field verification program demonstrations.
The goals of the Rice GRADE Program are: 1) to expand large-plot research data 
on cultivar performance, seeding rate, nitrogen (N) rate and timing, etc.; 2) to arrange 
hands-on training of agents, consultants, and growers; 3) to produce data to support 
development of rice budgets, computer-assisted management programs, agronomic 
practices, resource utilization, and statewide rice extension programs; and 4) to execute 
large-scale trials on commercial rice farms.
1 Program Associate I and Rice Extension Agronomist, respectively, Department of Crop, Soil, and 
Environmental Sciences, Stuttgart.
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The benefits of larger-scale demonstrations include allowing more growers op-
portunities to evaluate and provide input on practices at a larger scale than small-plot 
research, impact more counties, and provide supplemental information to the verification 
program. A demonstration of this type would also allow more hands-on participation by 
county agents, consultants, and others while providing many more sites for educational 
field events. Long term, the success of this program should result in adoption of lower 
risk recommended practices and increase whole farm profit.
Procedures
The Rice GRADE Program fields were selected prior to planting at the beginning 
of the growing season. Routine visits by the program coordinator are made to monitor 
growth and development of the crop and to record relevant data. Overall management of 
the test area is based on normal grower practices with necessary input from the program 
coordinator, county agent, and Rice Extension Agronomist.
Trials in 2018 included: 1) Clay Co. variety demonstration; 2) Jackson Co. variety 
demonstration; 3) Lee Co. variety demonstration; 4) Monroe Co. variety demonstration; 
5) Phillips Co. seeding rate demonstration; 6) Poinsett Co. variety demonstration; and 
7) Jackson Co. N-fertilizer rate demonstration. All demonstrations were set up with 
3–4 replications per treatment in a randomized block design. Plots were seeded with a 
John Deere 6120E tractor used to pull an 8-ft Great Plains no-till box drill. Where ap-
propriate, cooperator equipment was used. Plots ranged in size from 32–40 ft wide and 
400–500 ft in length. Harvest was completed with cooperator combine harvesters and 
weights collected with a weigh wagon. Grain yield was corrected to 12% moisture and 
reported in bushels per acre. Samples were collected to evaluate harvest moisture and 
test weight, then dried to 12% moisture to evaluate for milling yields as percent head 
rice (%HR) and total milled rice (%TR) reported as %HR/%TR. Data were analyzed 
using PROC GLM in SAS v. 9.4 (SAS Institute, Inc., Cary, N.C.) and means separated 
using Fisher’s least significant difference (0.10).
Results and Discussion
In all five variety demonstrations, Diamond was the highest yielding variety 
except for Monroe Co. where it was the second highest (Tables 1, 2, 3, 4, and 5). The 
highest overall grain yields were observed at Lee Co., while the overall lowest grain 
yields were observed at Poinsett Co. The overall performance of Diamond in large-block 
trials compared to other conventional varieties is similar to that observed in small-plot 
variety trials.
At Monroe Co. (Table 1), Roy J had significantly higher grain yields compared 
to all other varieties. Diamond also had significantly higher grain yields compared to 
LaKast. Percent HR for LaKast and Roy J was significantly greater than Diamond. 
Test weight for LaKast was significantly higher compared to the other two varieties.
At Lee Co. (Table 2), Diamond and LaKast had significantly higher grain yields 
when compared to Roy J. At this location, LaKast had a significantly higher test weight 
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compared to the other varieties. Diamond resulted in significantly lower %HR and %TR 
compared to LaKast and Roy J. However, the grain moisture at harvest was below the 
level to achieve optimum milling yields for all cultivars.
At Jackson Co. (Table 3), Diamond resulted in the highest numerical grain yields, 
but was not significantly greater than LaKast and Roy J. For %HR and %TR, there were 
no significant differences, though values for Roy J were greater than for the other two 
varieties.
At Poinsett Co. (Table 4), Diamond and Roy J resulted in significantly higher 
grain yields compared to LaKast. In addition, LaKast had significantly lower %HR 
compared to Diamond and Roy J.
At Clay Co. (Table 5), Diamond had a significantly higher grain yield compared 
to LaKast and Roy J.  However, LaKast was found to have a significantly higher %HR 
compared to Roy J. Harvest moisture for Roy J was significantly higher than for Dia-
mond and LaKast.
The Phillips Co. seeding rate demonstration evaluated Diamond seeded at 20, 45, 
70, 85, 95, and 120 lb seeds/ac (Table 6). There was a significant difference in plant 
stand among seeding rates. However, there were no significant differences in grain yield 
or harvest moisture across seeding rates in this trial.
The Jackson Co. N fertilizer rate demonstration evaluated Jupiter with N appli-
cations consisting of 100, 150, 200, and 250 lb N/ac preflood (pf) (Table 7). Two ad-
ditional treatments were included referred to as 100 midseason (ms) and 150 ms. For 
these treatments, GreenSeeker handhelds were used to evaluate the need for midseason 
N applications to maximize grain yield. Based on the response index of >1.15, an ad-
ditional 46 lb N/ac was applied at midseason. The 150 ms treatment, which received 
150 lb urea preflood followed by a 46 lb N/ac midseason application, resulted in the 
highest overall grain yield in the trial, which was significantly greater than all other 
treatments except 100 ms and 200 pf. The 100 ms treatment and the 150 ms treatment 
resulted in significantly higher yields than the 100 pf and 150 pf treatments, respectively, 
which illustrates the correct recommendation for midseason N using GreenSeeker. The 
highest N rate of 250 pf resulted in a significantly lower grain yield compared to the 
150 ms treatment as well as significantly lower %HR compared to all other treatments. 
This is consistent with other N-fertilizer rate research which found that this high of an 
N rate typically results in negative impacts from excessive N fertilization (Norman et 
al., 2007, 2008). 
Significance of Findings
This research is supported by grower check-off funds administered by the Arkansas 
Rice Research and Promotion Board. Additional support was provided by the University 
of Arkansas System Division of Agriculture. The authors wish to thank all cooperating 
producers for their assistance with the program this year. We would also like to thank 
the following county agents who made this work possible: Matthew Davis, Stewart 
Runsick, Stan Baker, Robert Goodson, Andrew Sayger, Craig Allen, and Jeffrey Works.
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Table 1. Monroe Co. variety demonstration near Brinkley, Arkansas in 2018. 
Cultivar Harvest moisture Test weight Grain yield Head rice Total rice 
 (%) (lb/bu.) (bu./ac) (%) (%) 
Diamond 16.6 42.9 b† 162.6 b 57.0 b 67.5 
LaKast 15.9 44.6 a 158.8 c 60.3 a 69.3 
Roy J 17.1 42.2 b 166.8 a 59.1 a 68.7 
P-value 0.118 0.066 0.007 0.027 0.195 
CV 4.12 2.69 1.38 2.03 1.77 
LSD0.10‡ NS§ 1.6 3.1 1.66 NS 
† Means within a column followed by the same letter are not significantly 
  different (P > 0.1). 
‡ LSD = least significant difference. 
§ NS = not significant. 
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Table 4. Poinsett Co. variety demonstration near Harrisburg, Arkansas in 2018. 
Cultivar Harvest moisture Test weight Grain yield Head rice Total rice 
 (%) (lb/bu.) (bu./ac) (%) (%) 
Diamond 12.9 40.4 131.3 a† 51.87 a 66.13 
LaKast 13.2 40.9 121.0 b 49.03 b 64.50 
Roy J 13.0 40.2 129.8 a 52.23 a 66.53 
P-value 0.399 0.594 0.056 0.054 0.419 
CV 2.46 2.2 4 3.13 3.34 
LSD0.10‡ NS§ NS 7 2.2 NS 
† Means within a column followed by the same letter are not significantly 
  different (P > 0.1).                          
‡ LSD = least significant difference. 
§ NS = not significant. 
 
Table 3. Jackson Co. variety demonstration near Fisher, Arkansas in 2018. 
Cultivar Harvest moisture Test weight Grain yield Head rice Total rice 
 (%) (lb/bu.) (bu./ac) (%) (%) 
Diamond 16.3 43.4 173.5 55.7 65.9 
LaKast 16.7 42.8 168.9 54.2 66.6 
Roy J 16.8 43.0 163.5 56.6 67.0 
P-value 0.636 0.913 0.135 0.18 0.23 
CV 4.75 4.84 3.46 2.93 1.17 
LSD0.10† NS‡ NS NS NS NS 
† LSD = least significant difference. 
‡ NS = not significant. 
 
Table 2. Lee Co. variety demonstration near Moro, Arkansas in 2018. 
Cultivar Harvest moisture Test weight Grain yield Head rice Total rice 
 (%) (lb/bu.) (bu./ac) (%) (%) 
Diamond 13.5 43.7 b† 190.8 a 48.5 b 67.5 b 
LaKast 13.5 45.6 a 184.6 a 50.2 a 68.8 a 
Roy J 13.8 44.2 b 173.5 b 50.5 a 68.4 a 
P-value 0.4 0.059 0.009 0.019 0.003 
CV 2.26 2.3 2.79 1.5 0.046 
LSD0.10‡ NS§ 1.4 7 1.02 0.43 
† Means within a column followed by the same letter are not 
  significantly different (P > 0.1). 
‡ LSD = least significant difference. 
§ NS = not significant. 
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Table 5. Clay Co. variety demonstration near Corning, 
Arkansas in 2018. 
Cultivar Harvest moisture Grain yield Head rice Total rice 
 (%) (bu./ac) (%) (%) 
Diamond 18.1 b† 184.4 a 60.4 ab 69.5 
LaKast 16.8 c 173.5 b 63.2 a 71.3 
Roy J 18.7 a 167.3 b 58.6 b 68.2 
P-value 0.001 0.033 0.083 0.231 
CV 2.15 3.93 3.83 3.28 
LSD0.10‡ 0.5 9.4 3.2 NS§ 
† Means within a column followed by the same letter are 
  not significantly different (P > 0.1).                          
‡ LSD = least significant difference. 
§ NS = not significant. 
 
Table 6. Phillips Co. seeding rate demonstration 
(Diamond) near Elaine, Arkansas in 2018. 
Seeding rate Plant stand Harvest moisture Grain yield 
(lb/ac) (plants/ft2) (%) (bu./ac) 
20 5.4 18.0 186.1 
45 11.7 17.8 230.8 
70 13.7 19.8 200.5 
85 16.7 18.6 219.9 
95 18.3 18.6 213.2 
120 21.9 18.7 218.7 
P-value <0.0001 0.2431 0.0597 
CV 12.37 6.03 9.09 
LSD0.10† 2.2 NS‡ NS 
† LSD = least significant difference.       
‡ NS = not significant. 
 
Table 7. Jackson Co. nitrogen rate demonstration (Jupiter) near 
Newport, Arkansas in 2018. 
Nitrogen rate Harvest moisture  Grain yield  Head rice Total rice 
(lb N/ac) (%) (bu./ac) (%) (%) 
100 15.0 178.5 d† 64.9 a 70.4 
100 ms 15.0 200.2 ab 66.3 a 70.4 
150 15.0 191.3 c 64.5 a 70.4 
150 ms 15.0 202.3 a 66.1 a 70.3 
200 15.0 195.4 abc 65.9 a 70.4 
250 15.0 194.5 bc 62.1 b 69.0 
P-value - 0.005 0.028 0.214 
CV - 2.42 1.87 1.17 
LSD0.10‡ - 7.7 2.1 NS§ 
† Means within a column followed by the same letter are not 
  significantly different (P > 0.1). 
‡ LSD = least significant difference. 
§ NS = not significant. 
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Arkansas Rice Performance Trials, 2016–2018 
J.T. Hardke1, D.L. Frizzell1, E. Castaneda-Gonzalez1, W.J. Plummer1, 
T.D. Frizzell1, K. Hale1, K.A.K. Moldenhauer1, X. Sha1, Y. Wamishe2, 
R.J. Norman3, D.A. Wisdom1, J.A. Bulloch1, T. Beaty1, S. Runsick4, 
C. Gibson5, M. Duren6, M. Mann6, S.D. Clark7, and A. Ablao7
Abstract
The Arkansas Rice Performance Trials (ARPTs) are conducted each year to evaluate 
promising experimental lines from the Arkansas rice breeding program and commercially 
available cultivars from public and private breeding programs. The ARPTs are planted 
on experiment stations and cooperating producer’s fields in a diverse range of environ-
ments, soil types, and agronomic and pest conditions. The ARPTs were conducted at 
five locations during 2018. Averaged across locations, grain yields were highest for the 
commercial cultivars RT 7801, RT 7501, RT Gemini 214 CL, RT XP753, RT XP760, RT 
7521 FP, RT 7321 FP, RT 7311 CL, Diamond, and Jupiter.  Four advanced experimental 
lines, CLXAR19, CLX-1030, ARX7-1121, and CLX6-1111 also outperformed many 
current commercial cultivars. Cultivars with the highest overall milling yields during 
2018 included: CL153, CL172, ARX7-1087, ARoma 17, and CLX6-1111. 
Introduction
Cultivar selection is likely the most important management decision made each 
year by rice producers. This choice is generally based upon past experience, seed 
availability, agronomic traits, and yield potential. When choosing a rice cultivar, grain 
yield, milling yield, lodging potential, maturity, disease susceptibility, seeding date, 
field characteristics, the potential for quality reductions due to pecky rice, and market 
strategy should all be considered. Data averaged over years and locations are more 
1 Rice Extension Agronomist, Program Associate III, Program Associate I, Program Technician I, 
Program Technician I, Program Associate I, Professor, Professor, Program Associate III, Program 
Associate I, and Program Associate I, respectively, Department of Crop, Soil, and Environmental 
Sciences, Stuttgart.
2 Associate Professor, Department of Plant Pathology, Stuttgart.
3 Professor, Department of Crop, Soil, and Environmental Sciences, Fayetteville.
4 Clay Co. Agriculture Agent, Corning.
5 Chicot Co. Agriculture Agent, Lake Village.
6 Resident Director, Program Technician I, Northeast Research and Extension Center, Keiser.
7 Resident Director, Research Program Technician, Pine Tree Research Station, Colt.
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reliable than a single year of data for evaluating rice performance for such important 
factors as grain and milling yields, kernel size, maturity, lodging resistance, plant height, 
and disease susceptibility.
The Arkansas Rice Performance Trials (ARPTs) are conducted each year to com-
pare promising new experimental lines and newly released cultivars from the breeding 
programs in Arkansas, Louisiana, Texas, Mississippi and Missouri with established 
cultivars currently grown in Arkansas. Multiple locations each year allow for continued 
reassessment of the performance and adaptability of advanced breeding lines and com-
mercially available cultivars to such factors as environmental conditions, soil properties, 
and management practices.
Procedures
The five locations for the 2018 ARPTs included the University of Arkansas System 
Division of Agriculture's Rice Research and Extension Center (RREC) near Stuttgart, 
Arkansas; the Pine Tree Research Station (PTRS) near Colt, Arkansas; the Northeast 
Research and Extension Center (NEREC) near Keiser, Arkansas; the Trey Bowers farm 
in Clay County (CLAY), Arkansas; and Whitaker Farms in Chicot County (CHICOT), 
Arkansas. Seventy-five entries, including established cultivars and promising breeding 
lines, were grown across a range of maturities.
The studies were seeded at RREC, PTRS, NEREC, CLAY, and CHICOT on 11 
April, 19 April, 3 May, 12 April, and 1 May, respectively. Pure-line cultivars (varieties) 
were drill-seeded at a rate of 30 seeds/ft2 (loam soil) or 36 seeds/ft2 (clay soil) in plots 8 
rows (7.5-inch spacing) wide and 16.5 ft in length. Hybrid cultivars were drill-seeded 
into the same plot configuration using a seeding rate of 10.3 seeds/ft2 (loam soil) or 12.4 
seeds/ft2 (clay soil). Cultural practices varied somewhat among the ARPT locations but 
overall were grown under conditions for high yield. Phosphorus and potassium fertil-
izers were applied before seeding at the RREC and PTRS locations. Nitrogen fertilizer 
was applied to ARPT studies located on experiment stations at the 4- to 5-leaf growth 
stage in a single pre-flood application of 130 lb N/ac on silt loam soils and 160 lb N/ac 
on clay soils using urea as the N source. The permanent flood was established within 
2 days of preflood N application and maintained throughout the growing season. At 
maturity, the center 4 rows of each plot were harvested, the moisture content and weight 
of the grain were determined, and a subsample of harvested grain removed for grain 
quality and milling determinations. Grain yields were adjusted to 12% moisture and 
reported on a bushels per acre (bu./ac) basis. The dried rice was milled to obtain per-
cent head rice (%HR; whole kernels) and percent total white rice (%TR) presented as 
%HR/%TR. Each location of the study was arranged in a randomized complete block 
design with four replications.
Results and Discussion
The 3-year average of agronomic traits, grain yields, and milling yields of selected 
cultivars evaluated during 2016–2018 are listed in Table 1. The top yielding entries, 
  AAES Research Series 659
298
averaged across three study years, include: RiceTec (RT) XP753, RT Gemini 214 CL, 
RT XP760, RT 7311 CL, ARX7-1084, ARX7-1121, and Diamond with grain yields of 
227, 220, 216, 210, 206, 206, and 200 bu./ac, respectively. In regard to percent head 
rice and percent total white rice (%HR/%TR), ARoma 17, CL153, CLX6-1133, ARX7-
1087, and CLX6-1111 had the highest overall average milling yields from 2016-2018.
Selected agronomic traits, grain yield, and milling yields from the 2018 ARPT 
are shown in Table 2. Grain yield averaged across all locations and cultivars was 196 
bu./ac. RT 7521 FP, RT Gemini 214 CL, RT 7501, RT 7801, and RT XP760 were the 
only cultivars to maintain a grain yield above 200 bu./ac at all locations. Other notable 
cultivars in 2018 included RT XP753, RT 7311 CL, CLXAR19, Diamond, CLX6-1030, 
and ARX7-1121. Milling yield, averaged across locations and cultivars, was 52/69 dur-
ing 2018. CL153, CL172, ARX7-1087, Jazzman-2, ARoma 17, and CLX6-1111 had the 
highest milling yields of all commercial entries averaged across locations.
The most recent disease ratings for each cultivar are listed in Table 3. Ratings 
for disease susceptibility should be evaluated critically to optimize cultivar selection. 
These ratings should not be used as an absolute predictor of cultivar performance with 
respect to a particular disease in all situations. Ratings are a general guide based on 
expectations of cultivar reaction under conditions that strongly favor disease; however, 
environment will modify the actual reaction in different fields.
Growers are encouraged to seed newly released cultivars on a small acreage to 
evaluate performance under their specific management practices, soils, and environ-
ment. Growers are also encouraged to seed rice acreage in several cultivars to reduce 
the risk of disease epidemics and environmental effects. Cultivars that have been tested 
under Arkansas growing conditions are more likely to reduce potential risks associated 
with crop failure. 
Significance of Findings
Data from this study will assist rice producers in selecting cultivars suitable to the 
wide range of growing conditions, yield goals, and disease pressure found throughout 
Arkansas.
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Table 3. Arkansas rice cultivar reactionsa to diseases and lodging (2018). 
Cultivar 
Sheath 
Blight Blast 
Straight 
head 
Bacterial 
Panicle 
Blight 
Narrow 
Brown 
Leaf 
Spot 
Stem 
Rot 
Kernel 
Smut 
False 
Smut Lodging 
Black 
Sheath 
Rot 
ARoma 17 MS MS -- MS -- -- S S MR -- 
CL111 VS MS S VS S VS S S MS S 
CL151 S VS VS VS S VS S S S S 
CL153 S MS -- MS S -- S S MR -- 
CL163 VS S -- MS R -- MS -- MS -- 
CL172  MS MS -- MS S -- S S MR -- 
CL272 S MS -- VS S -- MS -- MR S 
Della-2 S R -- MS MS -- -- -- -- -- 
Diamond S S -- MS -- S S VS MS -- 
Jazzman-2 S MS -- VS S -- S S -- -- 
Jupiter S S S MR MR VS MS MS S MR 
LaKast MS S MS MS MS S S S MS MS 
PVL01 S S -- S -- -- VS VS MS -- 
Roy J MS S S S R S VS S MR MS 
RT 7311 CL MS R -- -- -- -- MS S MS -- 
RT 7321 FP MS -- -- -- -- -- S MS S -- 
RT 7521 FP S -- -- -- -- -- MS VS S -- 
RT CLXL729 MS R MS MR R S MS S S S 
RT CLXL745 S R R MR R S S S S S 
RT Gemini 214 CL S MR -- -- -- -- MS VS MS -- 
RT 7501 S -- -- -- -- -- S S -- -- 
RT XP753 MS R MS MR R -- MS S MS S 
RT XP760 MS MR -- MR R -- MS VS S -- 
Titan S MS -- MS -- -- MS MS MS -- 
Wells S S S S S VS S S MS MS 
a Reaction: R = Resistant; MR = Moderately Resistant; MS = Moderately Susceptible; S = Susceptible;  
  VS = Very Susceptible. Cells with no values indicate no definitive Arkansas disease rating information is available at this 
  time. Reactions were determined based on historical and recent observations from test plots and grower fields across 
  Arkansas and other rice states in southern U.S. In general, these ratings represent expected cultivar reactions to disease 
  under conditions that most favor severe disease development. Table prepared by Y. Wamishe, 
  Associate Professor/Extension Plant Pathologist. 
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RICE CULTURE
Effect of Sodium Chlorate as a Harvest Aid on Hybrid Rice
J.T. Hardke1, D.L. Frizzell1, E. Castaneda-Gonzalez1, W.J. Plummer1, 
T.D. Frizzell1, K.F. Hale1, and R.J. Norman2 
Abstract
Currently, the University of Arkansas System Division of Agriculture recommendation 
for application of a desiccant to rice is to apply sodium chlorate when grain moisture is 
18–25%. This is based on work using conventional, pure-line varieties in studies con-
ducted at the University of Arkansas System Division of Agriculture's Rice Research 
and Extension Center and the Southeast Research and Extension Center during 1999 
and 2000. However, little is known about the effect of sodium chlorate applications 
on hybrid rice in regard to impact on harvest moisture, grain yield, or milling yield. 
Therefore, a study was initiated in 2018 to evaluate the influence of sodium chlorate 
on hybrid rice within the current recommended application timing for grain moisture. 
During 2018, there was a general trend of reduced grain moisture, grain yield, and 
percent head rice (%HR) compared to non-treated plots at all harvest timings, and a 
trend toward reduced total white rice at higher grain moisture. Grain moisture reduc-
tions were significant compared to untreated plots at 8 of 10 harvest timings. Significant 
grain yield reductions only occurred when harvest was delayed 6 or more days follow-
ing sodium chlorate application. Significant reduction in %HR was noted 7 days after 
application at 25% grain moisture, 3 and 7 days after application at 23% moisture and 
3 and 6 days after application at 15% grain moisture during this initial study year. The 
initial results of this study suggest that recommended harvest timing following sodium 
chlorate application should remain the same for hybrids and pure-line varieties (3–4 
days after application). However, to minimize the potential for grain yield and milling 
yield impacts, hybrid rice may have a narrower application window than pure-line 
varieties. While pure-line varieties may be treated safely with sodium chlorate from 
18% to 25% grain moisture, hybrids may need to be below 23% grain moisture for safe 
application of sodium chlorate.
1 Rice Extension Agronomist, Program Associate III, Program Associate I, Program Technician I, Pro-
gram Technician I, and Program Associate I, respectively, Department of Crop, Soil, and Environmental 
Sciences, Stuttgart.
2 Professor, Department of Crop, Soil, and Environmental Sciences, Fayetteville.
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Introduction
Sodium chlorate (NaClO4) is used as a harvest aid in rice on an increasing number 
of acres in Arkansas. Currently, the University of Arkansas System Division of Agricul-
ture recommendation for application of a desiccant is to apply sodium chlorate when 
grain moisture is 18–25% (Scott et al., 2018). This is based on studies using conven-
tional, pure-line varieties conducted at the University of Arkansas System Division of 
Agriculture's Rice Research and Extension Center (RREC) and the Southeast Research 
and Extension Center (SEREC) during 1999 and 2000. Averaged across cultivars and 
seeding dates, harvest moisture was reduced 1% to 5% with the application of 6 lb a.i./
ac sodium chlorate during 1999 (Wilson et al., 2000). Percent head rice (%HR; whole 
kernels) and percent total white rice (%TR; whole + broken kernels) yields were not 
affected by sodium chlorate application during this study year.
During 2000, grain harvest moisture was noted to be 2% to 4% lower when har-
vested 4 days after application of 6 lb a.i./ac sodium chlorate compared to untreated 
plots (Wilson et al., 2001). In general, sodium chlorate did not influence %HR or %TR 
yield when averaged across cultivar and application timings during this study year. But, 
it was suggested in one aspect of the study that the entire panicle be completely filled 
and at the dough stage to prevent yield reduction. Percent head rice and %TR yields 
were significantly lower in Wells and tended to be lower in Cocodrie when sodium 
chlorate was applied around 40% grain moisture (Wilson et al., 2001). However, little 
is known about the effect of sodium chlorate applications on hybrid rice in regard to 
impact on harvest moisture, grain yield, or milling yield. Therefore, a study was initiated 
in 2018 to evaluate the influence of sodium chlorate on hybrid rice within the current 
recommended application timing for grain moisture. 
Procedures
The study was conducted at the University of Arkansas System Division of Agri-
culture’s RREC near Stuttgart, Arkansas. The hybrid RiceTec (RT) XP753 was seeded 
at RREC on 30 April at 10.3 seeds/ft2 in plots 8 rows (7.5-in. spacing) wide and 16.5 ft 
in length. All seed was treated with the company’s standard seed treatment including 
NipsIt INSIDE® insecticide, fungicides, gibberellic acid, and zinc. Cultural practices 
otherwise followed recommended practices for maximum yield. The study was arranged 
in a paired plot design with each treated plot placed with a corresponding untreated 
control within an overall randomized complete block design with four replications.
Nitrogen (N) was applied to the study at the 4- to 6-leaf growth stage at a rate 
of 130 lb N/ac and the permanent flood established on 7 June. In addition, the recom-
mended late boot N application for hybrid rice was made at 30 lb N/ac on 17 July. The 
permanent flood was drained on 21 August. Sodium chlorate was applied at rates of 
0 or 6 lb ai/ac to rice at 25%, 23%, 22%, 20%, and 15% grain moisture. Prior to ap-
plication, a 6 ft section of each control plot was removed from a non-harvest row and 
thrashed with a plot combine to obtain a grain sample to determine grain moisture at 
each application timing. Treated plots and their paired control were harvested either 3–4 
or 7–8 days after sodium chlorate application. Weather impacts prevented achieving 
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these exact harvest timings at all grain moistures evaluated. The center 4 rows of each 
plot were harvested, and the moisture content and weight of grain were determined. 
Grain yields were adjusted to 12% moisture and reported on a bushels per acre (bu./
ac) basis. A bushel of rice weighs 45 lb. Data were analyzed using analysis of variance, 
PROC GLM, SAS v. 9.4 (SAS Institute, Inc., Cary, N.C.) with means separated using 
Fisher’s least significant difference test (P = 0.1). 
Results and Discussion
During 2018, there was a significant reduction in grain moisture compared to 
non-treated plots at 8 of 10 harvest timings; however, all harvest timings showed the 
same trend (Fig. 1). Whether rice was harvested 3 days after treatment or 6+ days 
after treatment, grain moisture was significantly reduced. The greatest grain moisture 
reductions due to sodium chlorate application were at higher grain moistures ranging 
from 23% to 25%.
Sodium chlorate application did at times (3/10) have a significant negative im-
pact on rice grain yield (Fig. 2). These significant yield reductions only occurred when 
harvest was delayed 6 or more days following sodium chlorate application. However, 
there is a general trend for lower grain yields following sodium chlorate application at 
all grain moistures and harvest timings. This is similar to the findings of Wilson et al. 
(2000), who reported a general trend for yield reduction on pure-line varieties, but rarely 
to levels of significant difference. This trend toward reduced yields may be the result 
of inflexibility of small-plot harvest equipment to optimize settings for each changing 
condition between non-treated and treated plots, whereas a producer would be better 
able to optimize combine settings for a particular field.
There was a general trend for reduced %HR yields following sodium chlorate 
application, regardless of application timing (Fig. 3). However, the only significant dif-
ferences in %HR yields between treated and non-treated plots were 7 days after applica-
tion at 25% grain moisture, 3 and 7 days after application at 23% grain moisture, and 3 
and 6 days after application at 15% grain moisture. These results generally agree with 
those of Wilson et al. (2001), where sodium chlorate applications made too early (>25% 
grain moisture) or too late (<18% grain moisture) can negatively impact %HR yields.
A significant difference in %TR (whole + broken kernels) yields was only found 3 
d after application at 22% grain moisture (Fig. 4).  A general trend exists at higher grain 
moistures for reduced total rice yields following a sodium chlorate application. This 
is possibly due to the sodium chlorate application ‘stopping’ immature, high moisture 
kernels from fully maturing, while applications made to grain at lower moisture levels 
generally have more mature kernels which are less likely to be impacted by desiccant 
application.
Significance of Findings
The initial results of this study suggest that recommended harvest timing fol-
lowing sodium chlorate application should remain the same for hybrids and pure-line 
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varieties (3–4 d after application). However, to minimize the potential for grain yield 
and milling yield impacts, hybrid rice may have a narrower application window than 
pure-line varieties. While pure-line varieties may be treated safely with sodium chlorate 
from 18% to 25% grain moisture, hybrids may need to be below 23% grain moisture 
for safe application of sodium chlorate. More information is needed on the lower cutoff 
range to better refine when sodium chlorate applications are no longer safe; however, 
current results do not support a change from the current threshold of 18% grain moisture.
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Fig. 1. Effect of sodium chlorate application and harvest timing on harvest moisture of 
RT XP753 hybrid rice at the University of Arkansas System Division of Agriculture's Rice 
Research and Extension Center near Stuttgart, Arkansas in 2018. 
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Fig. 2. Effect of sodium chlorate application and harvest timing on grain yield of RT XP753 
hybrid rice at the University of Arkansas System Division of Agriculture's Rice Research 
and Extension Center near Stuttgart, Arkansas in 2018. 
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Fig. 3. Effect of sodium chlorate application and harvest timing on percent head rice 
(%HR) milling yield of RT XP753 hybrid rice at the University of Arkansas System Division 
of Agriculture's Rice Research and Extension Center near Stuttgart, Ark. in 2018. 
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Fig. 4. Effect of sodium chlorate application and harvest timing on percent total rice 
(%TR) milling yield of RT XP753 hybrid rice at the University of Arkansas System Division 
of Agriculture's Rice Research and Extension Center near Stuttgart, Ark. in 2018. 
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RICE CULTURE
Nitrogen Management in Rice Under Suboptimal 
Soil Conditions in 2018
J.T. Hardke1, P.S. Rhea2, R.J. Norman2, T.L. Roberts2, D.L. Frizzell1, 
E. Castaneda-Gonzalez1, W.J. Plummer1, and T.D. Frizzell1
Abstract
In Mid-South rice (Oryza sativa, L.) production, nitrogen (N) fertilizer is most often 
recommended as a single preflood application (SPF) or a two-way split (2WS) appli-
cation in a dry-seeded, delayed-flood system. The majority of N fertilizer is typically 
applied at the 4–6 leaf stage onto dry soil, and the second application, if necessary, 
into the floodwater as a midseason application. Environmental factors do not always 
allow growers to apply early N fertilizer onto optimal dry soil conditions using these 
recommendations. This two-year study was conducted to determine N-fertilization best 
management practices in rice when faced with dry, wet, and flooded soil conditions; 
this is the second year of that study. Two locations with differing soil textures, a silt 
loam and a clay, were used to evaluate N-fertilizer treatments to the cultivar Diamond. 
Treatments included a control receiving no N, SPF and 2WS treatments applied to dry 
soils, wet soils, and wet soils at elevated N-fertilizer rates, and several treatments using 
single and multiple N applications into flooded conditions. All standard recommended 
N treatments applied to dry soil, some to wet soil, and some spoon-fed treatments at 
elevated N rates were among the highest yielding treatments at both locations. Some 
of the lowest yielding treatments were SPF N applications into the floodwater at both 
locations and SPF N applications applied to wet soil at the University of Arkansas 
System Division of Agriculture's Rohwer Research Station (RRS). 
Introduction
There are currently two common N-fertilizer application recommendations in 
Arkansas, one being a single preflood application; the other being a standard two-way 
split consisting of a large preflood application followed by a midseason application. 
The preflood application suggested at 65–100% of the total N rate should be applied 
1 Rice Extension Agronomist, Program Associate III, Program Associate I, Program Technician, and 
Program Technician, respectively, Department of Crop, Soil, and Environmental Sciences, Stuttgart.
2 Graduate Research Assistant, Professor of Soil Fertility, and Associate Professor of Soil Fertility, 
respectively, Department of Crop, Soil, and Environmental Sciences, Fayetteville.
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around the 4 –5 leaf stage followed immediately by flood establishment to incorporate 
fertilizer (Roberts et al., 2018). This application most often takes 3 weeks to be com-
pletely taken up by the plant (Wilson et al., 1989). If soil conditions are dry, the flood 
can be established in a timely manner (2 days or less on a silt loam, 7 days or less on a 
clay soil), and the flood maintained for at least 3 weeks, the optimum single preflood 
method is recommended, which results in greatest yields (Frizzell et al., 2017). If these 
goals cannot be achieved, the two-way split is the safest N management approach.
The midseason application timing must meet two requirements in order to be ef-
fective after application: 1) preflood N must have been incorporated by the permanent 
flood for a minimum of 21 days, and 2) the rice should have begun reproductive growth 
(i.e., beginning internode elongation) (Roberts et al., 2018). The presence of muddy 
or flooded field conditions during application windows is a frequent concern among 
rice growers in the mid-South. When dry soil conditions are not present and a flood 
cannot be managed timely, ammonia volatilization and denitrification become major 
loss pathways, due to poor incorporation of fertilizer into the soil. The second year of 
a two-year study was conducted in 2018 to determine N-fertilization best management 
practices in rice when faced with dry, wet, and flooded soil conditions.
Procedures
Studies involving nitrogen management in rice under suboptimal soil conditions 
were conducted during the 2018 rice growing season at both the University of Arkansas 
System Division of Agriculture’s Rice Research and Extension Center (RREC) near 
Stuttgart, Arkansas, on a DeWitt silt loam and the Rohwer Research Station (RRS) near 
Rohwer, Arkansas, on a Perry/Sharky clay. At RREC, the rice cultivar Diamond was 
drill-seeded on 30 April at a rate of 30 seeds/ft2 (71 lb seed/acre). At RRS, Diamond 
was drill-seeded on 1 May at a rate of 36 seeds/ft2 (85 lb seed/ac). Plots at both loca-
tions were 8 rows wide on 7.5-in. spacing by 16.5 ft in length. Rice emerged at RREC 
and RRS on 6 May and 10 May, respectively. All fertilizer application dates were de-
termined using heat accumulation units in the Arkansas Degree-Day 50 (DD50) Rice 
Management Program.
Each location consisted of 16 treatments with 4 replications in a randomized 
complete block design. All other cultural practices followed the University of Arkansas 
System Division of Agriculture’s Cooperative Extension Service recommended prac-
tices for maximum yield. Standard treatments applied to dry soil included both a single 
preflood (SPF) and two-way split (2WS; preflood followed by midseason) methods. 
Treatments applied to wet soil included the SPF and 2WS treatments described above, 
as well as SPF and 2WS onto wet soil at elevated preflood N rates 30 lb N/acre higher 
than those for dry soil. Treatments applied directly into standing floodwater (“spoon-
fed”) included 1) 46 lb of N/acre applied to wet soil preflood followed by three weekly 
applications of 46 lb N/acre beginning one week after flood initiation, 2) five weekly 
applications of 46 lb N/acre beginning at flood initiation and another treatment begin-
ning 7–10 days after flood initiation, and 3) four applications of 46 lb N/acre beginning 
7–10 days after flood initiation. All spoon-fed treatments were applied at seven-day 
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intervals. While not normally recommended, single applications equivalent to the SPF 
rate and SPF plus 30 lb N/acre were made into the floodwater at both flood initiation 
and at 7–10 days later. A control plot, receiving 0 lb N/acre and a high N reference plot 
receiving an SPF application at an excessive N rate were both included in the study 
and used as references. For treatments receiving a preflood (PF) N application, the N 
rate was increased by 80 lb N/acre at the RRS site due to clay soil recommendations by 
the Nitrogen Soil Test for Rice (N-STaR). All N as urea applied to dry or muddy soil 
was treated with N-(n-butyl) thiophosphoric triamide (NBPT) to minimize N losses 
associated with ammonia volatilization.
Wet, muddy ground was imitated on individual plots via sprinkler systems. 
Portable PVC cages, (6.0-ft wide × 16.5-ft long × 2.5-ft tall), designed with Rainbird 
sprinkler systems were used to simulate a 1-in. rainfall until the ground was saturated. 
All sides of the PVC cages were in closed by tarps to help mitigate water movement 
by wind. The system was attached to two water tanks and evenly distributed 56 gal of 
water within the rainfall simulator (90 ft2). Immediately after all rain simulation was 
complete, preflood fertilizer was applied followed by flood initiation. Rain simulation, 
preflood fertilization, and permanent flood initiation occurred at RREC and RRS on 30 
May and 8 June, respectively. Flood initiation treatments started 1–2 days following 
flood establishment at each location (1 June at RREC and 7 June at RRS). Midseason 
applications were made 28 June at RREC and 2 July at RRS. All plots that received treat-
ments into the flood were surrounded by galvanized metal frames that rested at the soil 
surface to prevent fertilizer from drifting to adjacent plots, simulating a grower’s field. 
At maturity, the center four rows of each plot were harvested to evaluate moisture 
content, weight of grain, and lodging percentages. Subsamples were taken from harvested 
grain to later determine and compare milling yields. Grain yields were adjusted to 12% 
moisture and reported as bushels/acre (bu./ac). Data were analyzed using analysis of 
variance, PROC GLM, SAS v. 9.4 (SAS Institute, Inc., Cary, N.C.) with means separated 
using Fisher’s least significant difference test (P = 0.10).
Results and Discussion
During 2018, due to a treatment by location interaction (P < 0.10), data were 
analyzed independently by site (Tables 1 and 2). On the silt loam soil at RREC, N fertil-
izer treatments applied to dry soil according to standard recommendations, applied to 
wet soil, and those applied in multiple applications into the flood (“spoon-fed”) were 
the highest yielding treatments. Single applications of N into flooded conditions, and 
some spoon-fed treatments had statistically lower yields. On the clay soil at RRS, N- 
fertilizer treatments applied to dry soil according to standard recommendations and the 
2WS applied to wet soil at an elevated PF N rate were the highest yielding treatments. 
In general, all other treatments had statistically lower grain yields.
The results on the silt loam soil at RREC support the use of SPF and 2WS N 
treatments applied to dry soil. In the event of wet soil conditions, the use of the 2WS 
at the standard N rate or the SPF with an increased PF N rate of 30 lb N/ac appeared 
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to achieve grain yields similar to those at the standard N rate on dry soil. Spoon-fed 
treatments were viable for achieving maximum grain yields when five applications were 
made; but when four applications were made, the yields decrease some. The results 
on the clay soil at RRS also support the use of SPF and 2WS N treatments applied to 
dry soil. However with wet soil conditions, only the 2WS treatment with an increased 
PF N rate achieved similar grain yields to the SPF and 2WS applied to dry soil at the 
standard N rate. Spoon-fed treatments resulted in competitive yields, but were not suf-
ficient to achieve maximal grain yields. Based on the results from 2018, SPF and 2WS 
N applications made to dry soil were the most efficient in producing the highest grain 
yields while additional N was needed to produce similar yields when soil conditions 
were wet. When the N fertilizer was applied into the floodwater with the SPF method, 
some of the lowest yields of all the N treatments were measured even when the PF N 
rate was increased. 
Significance of Findings
This study and its findings will allow University of Arkansas System Division 
of Agriculture personnel to help assist growers concerned with management decisions 
in rice, when faced with suboptimal soil conditions. 
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RICE CULTURE
Starter Nitrogen Source and Preflood Nitrogen Rate 
Effects on Rice Grown on Clayey Soils
L.R. Martin1, N.A. Slaton2, B.R. Golden3, R.J. Norman2, J. Hardke4, and T.L. Roberts2 
Abstract
Farmers often apply ‘starter’ fertilizer N shortly after rice emergence to stimulate 
seedling growth. Our research objective was to examine the effects of starter-N source 
and preflood-N rate on the grain yield of rice grown on clayey-textured soils. Research 
was conducted at the University of Arkansas System Division of Agriculture's Rohwer 
Research Station (RRS) and the Mississippi State University Delta Research and Ex-
tension Center (DREC). Four starter-N sources including no N, ammonium sulfate, 
diammonium phosphate, and urea treated with N-(n-butyl) thiophosphoric triamide were 
applied at 21 lb N/ac at the 2-leaf stage in combination with five preflood-N rates (0 
to 200 lb N/ac) applied to 5-leaf rice. Diamond and RiceTec Gemini 214 CL (Gemini) 
cultivars were grown at the RRS and CL153 was grown at the DREC. Regardless of N 
source, starter N increased canopy cover of Diamond and Gemini up to 3 weeks after 
starter-N was applied by 3% to 15% compared to rice that received no starter-N. The 
growth benefit from starter-N was statistically significant up to 3 weeks after starter-N 
was applied 1 week after preflood-N application. Aboveground N uptake by Diamond 
and CL153 was affected only by preflood-N rate and uptake increased as preflood-N 
rate increased. The fertilizer-N recovery efficiency of rice receiving no starter-N ranged 
from 61% to 82% for Diamond and 48% to 71% for CL153. Grain yields of Diamond 
and Gemini at the RRS were increased significantly with each increase in preflood-N 
rate with maximum yields of 241 and 270 bu./ac, respectively, for rice fertilized with 
200 lb preflood-N/ac. At the DREC, CL153 grain yield increased significantly with 
each increase in preflood-N rate with a maximum yield of 183 bu./ac for rice fertilized 
with 200 lb preflood-N/ac. Based on the three trials, starter-N had no influence on rice 
N uptake or grain yield when suboptimal/optimal preflood-N rates were applied, but 
did increase canopy cover when compared to rice with no starter-N.    
1 Program Technician I, Rohwer Research Station, Watson, Ark.
2 Professor, Professor, and Associate Professor, respectively, Department of Crop, Soil, and 
Environmental Sciences, Fayetteville, Ark.
3 Associate Extension Research Professor, Delta Research and Extension Center, Stoneville, Miss.
4 Extension Agronomist, Department of Crop, Soil, and Environmental Sciences, Rice Research 
and Extension Center, Stuttgart Ark.
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Introduction
Starter-N fertilizer applied to upland crops can improve early season vigor and 
sometimes yield. Starter-N applied at planting has been shown to sometimes increase the 
yields of cotton (Bednarz et al., 2000) and corn (Niehues et al., 2004). The benefits of 
starter-N applied to rice grown in the direct-seeded, delayed-flood system has received 
less research than upland crops but is of interest because seedling rice often grows very 
slowly on clayey soils. Golden et al. (2017) showed that starter-N aided rice recovery 
from clomazone injury and increased yield compared to clomazone-injured rice that 
received no starter-N.  Satterfield (2018) concluded that 20 lb N/ac as ammonium sul-
fate applied to 2-leaf rice grown on a clayey soil did not increase plant height or grain 
yield, but did increase total dry matter and N uptake during one out of two research 
years. The objectives of this research were to examine whether rice grown on clayey 
soil will respond positively to starter-N source and, if so, how starter-N may interact 
and influence rice response to preflood urea-N rate.      
Procedures
Field trials were established at the University of Arkansas System Division of 
Agriculture's Rohwer Research Station (RRS) near Rohwer, Arkansas on soil mapped 
as a Sharkey/Desha clay and the Mississippi State University Delta Research and Ex-
tension Center (DREC), in Stoneville, Mississippi on a Commerce silty clay. Soybean 
was the previous crop grown at both locations. At the RRS, individual plots measured 
6.5-ft wide and 18-ft long allowing for 9 rows of rice spaced 6 in. apart. The field was 
cultivated multiple times before planting. The rice cultivars at RRS were treated with 
NipsIt Suite (2.9 oz/cwt) and AV-1011 (bird repellent, 18.3 oz/cwt) and drill-seeded at 78 
lb seed/ac for Diamond and 30 lb seed/ac for Gemini (Table 1). At the DREC, individual 
plots were 5.5-ft wide and 15-ft long and contained 8 rows spaced 8 in. apart.  The field 
was conventionally tilled and CL153 rice treated with Cruiser Maxx was drill seeded 
at 78 lb seed/ac. Each experiment contained a total of 20 treatments and 4 replicates 
arranged in a randomized complete block design. The 20 treatments included 4 starter-
N sources, including no starter-N, ammonium sulfate (AMS), diammonium phosphate 
(DAP), and N-(n-butyl) thiophosphoric triamide (NBPT)-treated urea (UREA), and five 
preflood-N rates. The starter treatments were applied at the 2-leaf stage at 21 lb N/ac. 
Preflood-N rates of 0, 50, 100, 150, and 200 lb N/ac were applied at the 5-leaf stage 
with NBPT-treated urea as the N source. Following preflood urea application to a dry 
soil, rice was flooded within 2 to 5 days.
The Canopeo application was utilized to measure canopy cover from both varieties 
at the RRS. A tripod-mounted iPad was used to take pictures 3-ft above the soil surface 
in each plot. Canopy cover was first measured the same day, but before starter-N was 
applied and continued every 7 days until canopy cover reached ~100%.
At early heading (~R3), plant samples were collected from a 6-ft section of one 
inside drill-row of each plot of Diamond at the RRS and CL153 at the DREC (Table 1). 
Plant samples were oven-dried, weighed for total dry matter (lb/ac), and a subsample 
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was combusted to determine total-N concentration. The aboveground-N content (lb N/
ac) was calculated as the product of N content and dry matter at the R3 growth stage. 
Fertilizer-N recovery efficiency was calculated by the difference method, which involves 
subtracting the N content of rice that received no starter or preflood-N from the N content 
of each treatment receiving fertilizer N. The middle 5 rows of rice were harvested with 
a small plot combine and grain weight was adjusted to a uniform moisture content of 
12% for calculating grain yield.
Each experiment was a randomized complete block design with a 4 (starter-N 
source) by 5 (preflood-N rate) factorial structure that included 4 blocks. Analysis of 
variance was performed by site and cultivar using the MIXED procedure of SAS v. 9.4 
(SAS Institute, Inc., Cary, N.C.) with significant differences defined at the 0.05 level.
Results and Discussion
At the RRS, starter-N, regardless of the source, increased canopy cover by 3% to 
15% compared to rice that received no starter-N. Canopy cover, regardless of starter-N 
source, peaked 3 weeks after application compared to no starter-N; but after preflood-N 
application, the growth benefit from starter-N diminished and the effect of preflood-N 
rate on rice growth started. Preflood-N rates >100 lb N/ac produced canopy cover that 
did not differ from each other, but was 5% to 11% greater than rice fertilized with 50 lb 
N/ac and 19% to 46% greater than rice receiving no preflood-N. A small rate of starter-N 
increased early season rice canopy growth compared with rice that received no starter-N. 
The aboveground N content at early heading of Diamond and CL153 was signifi-
cantly affected (P < 0.0001) only by preflood-N rate. Rice receiving no N contained 
32 lb N/ac (Diamond) and 38 lb N/ac (CL153) at early heading (~R3 stage). Nitrogen 
uptake for Diamond increased with each increase in preflood-N rate [68, 101, 137, and 
172 lb N/ac for rice applied with 50, 100, 150, and 200 lb preflood-N/ac, respectively; 
LSD (0.05) = 16 lb N/ac], but starter-N source had no effect on N content. Nitrogen 
uptake for CL153 also increased with increasing preflood-N rate [69, 97, 123, and 140 
lb N/ac for rice applied with 50, 100, 150, and 200 lb preflood-N/acre, respectively; LSD 
(0.05) = 17 lb N/ac], but starter-N source had no effect on N content. The fertilizer-N 
recovery efficiency for rice with no starter-N and applied preflood-N rates at 50 to 200 
lb N/ac ranged from 61% to 82% for Diamond and 48% to 71% for CL153.
The interaction between starter-N source and preflood-N rate was not significant 
for Diamond (P = 0.0721), Gemini (P = 0.6967), or CL153 grain yields, (P = 0.7278). 
The grain yields of Diamond, Gemini, and CL153 were significantly affected (P < 
0.0001) by preflood-N rate, averaged across starter-N sources (Table 2). Diamond rice 
produced a maximum grain yield of 241 bu./ac when fertilized with 200 lb preflood-N/
ac and the maximum yield of Gemini averaged 262 bu./ac when 150 lb preflood-N/ac 
was applied. Norman et al. (2018) conducted a similar study in Arkansas on a Sharkey 
clay to examine variable preflood-N rates and reported no significant yield differences 
between preflood-N rates of 150, 180, and 210 lb N/ac for Diamond or CL153. The 
grain yields of this research were within a ~18 bu./ac difference, which suggests grain 
yields were maximized within variety, soil texture, and preflood-N rates.  
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Starter-N source, averaged across preflood-N rates, had no effect on Diamond (P 
= 0.1724) and CL153 grain yields (P = 0.9080).  However, starter-N source significantly 
affected (P = 0.0005) Gemini yield showing that AMS (205 bu./ac), DAP (203 bu./ac), 
and UREA (207 bu./ac) increased grain yields by 12 to 16 bu./ac when compared to 
no starter-N (191 bu./ac).  
Significance of Findings
In 2018, results suggest that starter-N source was beneficial for hybrid rice yield 
but not the yields of pure-line varieties grown on clayey-textured soils. The lack of a 
significant benefit from starter-N was not surprising due to the low starter-N rate, the 
high likelihood of N loss from the application timing, and the nominal benefits docu-
mented from prior research. The started N benefit on hybrid rice could be related to 
the low seeding rate used for hybrid rice compared to pure-line varieties. The research 
will continue in 2019 and will again emphasize measuring early season seedling vigor 
to document potential management benefits.  
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Table 1. Dates of selected agronomic management events for three starter-N trials 
established at the University of Arkansas System Division of Agriculture’s 
Rohwer Research Station (RRS) in Rohwer, Arkansas and the Delta Research 
and Extension Center (DREC) in Stoneville, Mississippi. 
  Seeding Planting Starter-N Preflood-N Flood Sample 
Location Cultivar rate date applied applied established date 
  lb/ac -----------------------------------month/day---------------------------------- 
RRS Diamond 78 April 20 May 16 May 30 June 1 July 19 
RRS Gemini 214 CL 30 April 20 May 16 May 30 June 1 N/A 
DREC CL153 78 May 2 May 21 May 31 June 5 July 24 
 
Table 2. Grain yields of Diamond, Gemini 214 CL, and CL153 rice cultivars, 
averaged across starter-N sources, as affected by preflood-N rate at the 
University of Arkansas System Division of Agriculture’s Rohwer Research 
Station (RRS) in Rohwer, Arkansas and Delta Research and Extension 
Center (DREC) in Stoneville, Mississippi in 2018. 
 Grain yield 
Preflood-N rate Diamonda Gemini 214 CLa CL153b 
lb N/ac -----------------------------------bu./ac----------------------------------- 
0 46 82 78 
50 123 164 112 
100 186 230 148 
150 225 262 173 
200 241 270 183 
LSD0.05 10 10 6 
a Located at the RRS. 
b Located at the DREC. 
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RICE CULTURE
The Use Pattern of Irrigation Practices by Arkansas Producers
Y. Nian1, Q. Huang2, K.F. Kovacs2, C. Henry3, and J. Kurtz4
Abstract
Using data from the 2016 Arkansas Irrigation Survey, this study documents the use pat-
tern of irrigation practices including both irrigation technologies and water management 
practices (WMPs) by Arkansas producers. The WMPs have four groups: field manage-
ment, water flow control, water recovery/storage and advanced irrigation scheduling 
practices. The most prevalent group of WMPs is field management practices. Nearly 
85% of the producers use one or more WMPs in this group. The least prevalent group 
is irrigation scheduling practices, which only 16% of the sample producers use. About 
77% of the producers use WMPs from two or more groups. The use patterns reveal a 
possible hierarchy of WMPs: field management is considered first and water flow con-
trol is the next in line before water recovery/storage is considered. Advanced irrigation 
scheduling comes last, probably due to its late arrival in the pool of available WMPs. 
Conservation programs should encourage the use of a package of WMPs to manage 
multiple aspects of irrigation.
Introduction
Irrigation is one of the most important inputs in Arkansas’s crop production. Nearly 
86% of irrigation water in Arkansas in 2013 was sourced from groundwater in the Mis-
sissippi River Valley alluvial aquifer (MRVAA) ( USDA-NASS, 2014; Schrader 2008). 
However, the continuous and unsustainable pumping has put the MRVAA in danger 
by withdrawing at rates greater than the natural rate of recharge. In the 2014 Arkansas 
Water Plan by the Arkansas Natural Resources Commission (ANRC), an annual gap 
in groundwater as large as 8.6 billion cubic meters (7 million acre-feet) is projected for 
2050 and most of the expected shortfall is attributed to agriculture (ANRC, 2015). To 
combat growing projected scarcity, two critical initiatives have been identified: con-
servation measures to improve on-farm irrigation efficiency and infrastructure-based 
1 Graduate student, Department of Food and Resource Economics, University of Florida.
2 Professor, and Associate Professor, respectively, Department of Agricultural Economics 
and Agribusiness, University of Arkansas, Fayetteville.
3 Associate Professor, Rice Research and Extension Center, University of Arkansas Cooperative 
Extension Service, Stuttgart, Arkansas.
4 Director, Mississippi Water Resources Research Institute, Mississippi State University.
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solutions to convert to surface water (ANRC, 2015). Promoting the use of more efficient 
irrigation technologies and water management practices (WMPs) is often the policy 
instrument used to increase irrigation efficiency on-farm. This study aims to provide 
a comprehensive picture of irrigation practices including both irrigation technologies 
and WMPs used by Arkansas producers. 
Procedures
The data set used is the 2016 Arkansas Irrigation Survey conducted by authors with 
collaborators from Mississippi State University. The sample in the survey is randomly 
drawn from the water user database maintained by the Arkansas Natural Resources 
Commission (ANRC) and a list of all commercial crop growers identified by Dun & 
Bradstreet records for the state of Arkansas. The final sample includes 224 producers 
who operate land on daily basis and have completed the survey in its entirety about their 
irrigation practices in 2015. Among them, 82% of producers are land owners, while 18% 
of producers are only land operators. On average, producers have 33 years of farming 
experience, 51% of them have a bachelor’s degree or above and 56% of them have an 
agriculture education background. The average irrigated acres are 2.6 thousand acres. 
The major crops they grow are rice, soybean, and corn. The survey collected detailed 
information on irrigation practices employed by Arkansas producers at farm level, 
including the irrigated acres under different irrigation practices and their knowledge 
about different irrigation practices. 
Results and Discussion
Table 1 reports irrigation technologies used by Arkansas producers in 2015. Four 
technologies are observed in the data: center pivot irrigation and three types of gravity 
irrigation (flood, border and furrow irrigation). The majority of Arkansas producers 
(more than 70%) use two or more irrigation technologies on their farms. Most often, 
different irrigation technologies are used on different fields. Many producers (about 
43%) use two different technologies. For example, the most commonly observed pat-
tern is flood and furrow irrigation on the same farm (35%). Only 5.8% of the producers 
use center pivot irrigation exclusively on their farms. The remaining (94.2%) either 
use gravity irrigation (69.2%) or use both gravity and center pivot irrigation (25%). 
The survey collected information on 16 WMPs that may be used in Arkansas. The 
WMPs are put into four groups based on which aspect of irrigation is being managed 
(Table 2). Field management practices include zero grade leveling, precision grade 
leveling, end blocking, warped surface and deep tillage. Water flow control practices 
include computerized pipe-hole selection, multiple-inlet irrigation, surge irrigation, water 
flow meters and cutback irrigation. Water recovery/storage practices include tail-water 
recovery system and on-farm storage reservoir. Advanced irrigation scheduling practices 
include soil moisture sensor, evapotranspiration or Atmometer, computerized scheduling 
and woodruff chart. The most prevalent group of WMPs is field management practices. 
Nearly 85% of the producers use one or more WMPs in this group. The least prevalent 
group is advanced irrigation scheduling practices, which are used by only about 16% 
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of the sample producers. One of the reasons for the low share is that most advanced 
irrigation scheduling practices come into use much later than WMPs in other groups. 
Most sample producers use WMPs to manage more than one aspect of irrigation. 
About 77% of the producers use WMPs from two or more groups (Table 3). Similar 
shares of producers use two groups (34%) or three groups (35%) of WMPs. The share 
of producers who use all four groups drops sharply to only 8%. Also observed were 
distinctive patterns in which groups are used. Among producers that only use one group 
of WMPs, field management practices (10.3%) are the most common choice. Among 
the producers that use two groups of WMPs, the most commonly observed pattern is 
the combination of field management and water flow practices (24.6%). Among the 
producers that use three groups, most implement field management, water flow control 
and water recovery/storage practices, a pattern that nearly 30% of the producers follow. 
These patterns reveal a possible hierarchy of WMPs: field management is considered 
first, followed by water flow control, and then water recovery/storage. Advanced ir-
rigation scheduling is the last to be considered, again, probably due to its late arrival 
in the pool of available WMPs. 
Significance of Findings
Our results show that advanced irrigation scheduling practices are not widespread 
in Arkansas. Programs can be designed to provide both technical and financial assis-
tance. Our findings echo the importance of a systems approach to irrigation manage-
ment advocated by Sullivan and Delp (2012). Most sample producers use two or more 
groups of WMPs to manage multiple aspects of irrigation. Most current conservation 
programs target only one WMP. It is important to design conservation programs that 
encourage the use of a package of WMPs to manage multiple aspects of irrigation. 
There is also significant room to spread the systems approach. In Arkansas, only about 
one-third of the producers use three out of four groups of WMPs, and only about 8% 
use all four groups.
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Table 1. Irrigation technologies (ITs) used by Arkansas producers in 2015. 
Number of  
ITs used 
Flood 
irrigation 
Border 
irrigation 
Furrow 
irrigation 
Center pivot 
irrigation 
Number of  
Producers 
%  
Producers 
4 Yes Yes Yes Yes 17 7.59 
3 
Yes Yes Yes   26 11.61 
Yes  Yes Yes 23 10.27 
  Yes Yes Yes 1 0.45 
2 
Yes  Yes   79 35.27 
   Yes Yes 12 5.36 
Yes   Yes 2 0.89 
Yes Yes    1 0.45 
  Yes Yes   1 0.45 
  Yes   Yes 1 0.45 
1 
   Yes   22 9.82 
Yes     15 6.70 
    Yes 13 5.80 
  Yes     11 4.91 
 
Table 2. Water management practices (WMPs)  
used by Arkansas producers in 2015. 
Group WMPs % Producers 
Field management 
practices 
(84.38%)  
Zero-grade leveling 18.30 
Precision-grade leveling 57.14 
End blocking 30.80 
Warped surface 25.89 
Deep tillage 47.32 
Water flow control 
practices 
(67.41%)  
Computerized pipe-hole selection 31.70 
Multiple-inlet irrigation (Rice) 38.39 
Surge irrigation 18.30 
Cutback irrigation 13.84 
Water recovery/ 
storage practices (50%) 
Tail-water recovery system 45.54 
Storage reservoir 34.82 
Advanced irrigation 
scheduling practices 
(15.63%) 
Soil moisture sensor 9.38 
ET or Atmometer 3.13 
Computerized scheduling 5.80 
Woodruff chart 1.34 
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Table 3. The portfolio of water management practices (WMPs)  
used by Arkansas producers in 2015. 
Number of 
WMPs 
used 
Field 
management 
Water 
flow 
control 
Water 
recovery 
/storage 
Advanced 
irrigation 
scheduling 
Number of 
Producers 
% 
Producers 
4 Yes Yes Yes Yes 18 8.04 
3 
Yes Yes Yes   67 29.91 
Yes Yes  Yes 10 4.46 
Yes   Yes Yes 2 0.89 
2 
Yes Yes    55 24.55 
Yes  Yes   14 6.25 
 Yes Yes   6 2.38 
 Yes  Yes 2 0.89 
1 
Yes     23 10.26 
 Yes    6 2.68 
  Yes   5 2.23 
      Yes 3 1.34 
0     13 5.80 
    Total 224 100.00 
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RICE CULTURE
Grain Yield Response of Seven New Rice 
Cultivars to Nitrogen Fertilization
R.J. Norman1, T.L Roberts1, J.T. Hardke2, N.A. Slaton1, K.A.K. Moldenhauer2, 
X. Sha2, D.L. Frizzell2, A.D. Smartt1, E. Castaneda-Gonzalez2, W.J. Plummer2, 
T. Frizzell2, M. Mann3, and K. Hale2
Abstract
The cultivar × nitrogen (N) fertilizer rate studies determine the proper N fertilizer rates 
for the new rice cultivars across the array of soil and climatic conditions which exist 
in the Arkansas rice-growing region. The seven rice cultivars studied in 2018 were: 
CL153, CL272, PVL01, Thad, and the experimental lines CLX6-1111, CLX6-1133, 
and CLX5-4083. In general, grain yields were good to excellent for all the cultivars 
studied at the three locations in 2018. This was the first year the experimental lines 
CLX6-1111, CLX6-1133, and CLX5-4083 were in the cultivar × N rate studies and, 
thus, there is not enough data to make a recommendation at this time. The multiple 
years of results for CL153, CL272, PVL01, and Thad indicate these cultivars should 
yield well with minimal to no lodging if 150 lb N/ac is applied in a two-way split of 
105 lb N/ac at preflood and 45 lb N/ac at midseason when grown on silt loam soils and 
180 lb N/ac in a two-way split of 135 lb N/ac at preflood and 45 lb N/ac at midseason 
when grown on clay soils.
Introduction
The cultivar × N fertilizer rate studies measure the grain yield performance of 
the new rice cultivars over a range of N fertilizer rates on representative clay and silt 
loam soils and determine the proper N fertilizer rates to maximize yield on these soils 
under the climatic conditions that exist in Arkansas. Promising new rice selections from 
breeding programs in Arkansas, Louisiana, Mississippi, and Texas as well as those from 
private industry are evaluated in these studies. Seven new rice cultivars were entered and 
studied in 2018 at three locations as follows: the University of Arkansas System Divi-
sion of Agriculture in cooperation with Horizon AG entered the Clearfield semi-dwarf, 
long-grain experimental lines CLX6-1111 and CLX6-1133; Louisiana State University 
1 Professor, Associate Professor, Professor/Director of Soil Testing, and Program Associate I, 
respectively, Department of Crop, Soil, and Environmental Sciences, Fayetteville.
2 Rice Extension Agronomist/Associate Professor, Professor, Professor, Program Associate III, Program 
Associate I, Program Technician I, Program Technician I, and Program Associate I, respectively, Rice 
Research and Extension Center, Stuttgart.
3 Program Technician I, Northeast Research and Extension Center, Keiser.
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in cooperation with Horizon AG entered the Clearfield semi-dwarf, long-grain CL153 
and the Clearfield semi-dwarf, medium-grain CL272; Louisiana State University in 
cooperation with BASF and Horizon AG entered the Provisia semi-dwarf, long-grain 
PVL01; and Mississippi State University entered the short stature, long-grain cultivar 
Thad and in cooperation with Horizon AG the Clearfield semi-dwarf, long-grain ex-
perimental line CLX5-4083. Clearfield rice cultivars are tolerant to the broad spectrum 
herbicide imazethapyr (Newpath) and the Provisia cultivar is resistant to the grass 
herbicide quizalofop (the Provisia Rice System herbicide).
Procedures
Locations where the cultivar × N fertilizer rate studies were conducted and 
corresponding soil series are as follows: University of Arkansas System Division of 
Agriculture’s Northeast Research and Extension Center (NEREC), Keiser, Arkansas, 
on a Sharkey clay (Vertic Haplaquepts); the Pine Tree Research Station (PTRS), near 
Colt, Arkansas, on a Calloway silt loam (Glossaquic Fragiudalfs); and the Rice Re-
search and Extension Center (RREC), near Stuttgart, Arkansas, on a DeWitt silt loam 
(Typic Albaqualfs). The experimental design utilized at all locations for each of the 
rice cultivars studied was a randomized complete block with four replications. A single 
preflood N fertilizer application was utilized for all cultivars and was applied as urea, 
treated with the urease inhibitor N-(n-butyl) thiophosphoric triamide (NBPT), on to 
a dry soil surface at the 4- to 5-leaf stage. The preflood N rates were: 0, 60, 90, 120, 
150, 180, and 210 lb N/ac. The studies on the two silt loam soils at the PTRS and the 
RREC received the 0 to 180 lb N/ac fertilizer rates and the studies on the clay soil at the 
NEREC received the 0 to 210 lb N/ac fertilizer rates with the 60 lb N/ac rate omitted. 
All of the rice cultivars were drill-seeded on the silt loams and clay soil at rates of 73 
and 91 lb/ac, respectively, in plots 9-rows wide (row spacing of 7-in.), 15 ft in length. 
Pertinent agronomic dates and practices at each location are shown in Table 1. The 
studies were flooded at each location within a few days after the preflood N fertilization 
and the studies remained flooded until the rice was mature. At maturity, the center five 
rows of each plot were harvested, the moisture content and weight of the grain were 
measured, and yields were calculated as bushels (bu.) per acre (ac) at 12% moisture. 
A bushel of rice weighs 45 pounds (lb). Statistical analyses were conducted with SAS 
and mean separations were based upon protected least significant difference (P = 0.05) 
where appropriate (Tables 2–9).
Results and Discussion
A single, optimum preflood N application method was adopted in 2008 in all cul-
tivar × N fertilizer rate studies due to the rising cost of N fertilizer and the preference of 
the short stature and semi-dwarf rice plant types currently being grown. The currently 
grown rice cultivars typically reach a maximum yield with less N when the N is applied 
in a single preflood application compared to a two-way split application. Usually the rice 
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cultivars require 20 lb N/ac less when the N is applied in a single preflood application 
compared to a two-split application. Thus, if 150 lb N/ac is recommended for a two-way 
split application, then 130 lb N/ac is recommended for a single preflood N application. 
Conditions critical for use of the single, optimum preflood N application method are: 
the field can be flooded timely, the urea is treated with the urease inhibitor NBPT or 
ammonium sulfate is used (unless the field can be flooded in 2 days or less for silt loam 
soils and 7 days or less for clay soils), and a 2- to 4-in. flood depth is maintained for at 
least 3 weeks following flood establishment.
Grain yields in the 2018 cultivar × N rate studies were good to excellent for most 
of the cultivars studied with lodging only noted for a couple of cultivars at the NEREC. 
Rainy weather at the end of September resulted in wet soil conditions on the clay soil at 
NEREC which did not allow for a timely harvest and instead pushed harvest into early 
October. Pertinent agronomic information such as planting, herbicide, fertilization and 
flood dates are shown in Table 1.
Cultivar CL153 did not significantly increase in grain yield when more than 120 
lb N/ac was applied preflood on the clay soil at the NEREC (Table 2). Cultivar CL153 
maintained grains yields of 187 to 199 bu./ac when 120 to 210 lb N/ac was applied 
at the NEREC with relatively no lodging. On the silt loam soil at the PTRS, CL153 
produced grain yields greater than 200 bu./ac when 90 to 180 lb N/ac was applied in a 
single preflood application with no lodging. The cultivar CL153 did not significantly 
increase in grain yield when more than 120 lb N/ac was applied preflood on the silt 
loam soil at the RREC and produced grain yields of 189 to 192 bu./ac when 120 to 180 
lb N/ac was applied preflood. The CL153 cultivar appears to have a stable grain yield 
over a wide N fertilizer rate range when the rate to achieve maximum yield is reached 
and also appears to have good lodging resistance. After 3 years of study (Norman et 
al., 2017, 2018), it would appear CL153 should yield well with minimal to no lodging 
if 150 lb N/ac is applied in a two-way split of 105 lb N/ac at preflood and 45 lb N/ac at 
midseason when grown on silt loam soils and 180 lb N/ac in a two-way split of 135 lb 
N/ac at preflood and 45 lb N/ac at midseason when grown on clay soils.  
The grain yield of the medium-grain CL272 did not significantly increase when 
more than 120 lb N/ac was applied preflood on the clay soil at the NEREC (Table 3). 
Cultivar CL272 attained a maximum grain yield of 198 bu./ac when 150 lb N/ac was 
applied preflood at the NEREC and the grain yield steadily decreased as the N rate 
increased to 210 lb N/ac. There was some slight lodging of CL272 at the NEREC at the 
highest N rates as there was in 2016 (Norman et al., 2017), but certainly not enough to 
be the cause of the yield decrease. The yield decrease may have simply resulted from 
excessive N at the highest rates. Grain yields of CL272 did not significantly increase 
on the silt loam soil at the PTRS when more than 120 lb N/ac was applied preflood. 
Grain yields of 201 to 215 bu./ac were achieved by CL272 at the PTRS when 120 to 
180 lb N/ac was applied in a single preflood application. The yield of CL272 did not 
significantly increase on the silt loam soil at the RREC when more than 90 lb N/ac 
was applied preflood. The grain yields of CL272 were lower at RREC compared to 
the other locations at the various N rates utilized with a peak grain yield of 181 bu./
ac. After 3 years of study (Norman et al., 2017, 2018), it would appear CL272 should 
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yield well with minimal to no lodging if 150 lb N/ac is applied in a two-way split of 
105 lb N/ac at preflood and 45 lb N/ac at midseason when grown on silt loam soils and 
180 lb N/ac in a two-way split of 135 lb N/ac at preflood and 45 lb N/ac at midseason 
when grown on clay soils.
The new Provisia rice cultivar PVL01 did not significantly increase in grain yield 
when more than 90 lb N/ac was applied preflood on the clay soil at the NEREC and 
reached a maximum grain yield of only 156 bu./ac at this location (Table 4). The grain 
yield of PVL01 was much better when grown on the silt loam soils with peak yields 
of greater than 190 bu./ac. The PVL01 cultivar reached a maximum yield of 203 bu./
ac when 150 lb N/ac was applied preflood on the silt loam soil at the PTRS. Cultivar 
PVL01 achieved a maximum grain yield of 196 bu./ac on the silt loam soil at the RREC 
when 150 lb N/ac was applied preflood, but did not significantly increase in grain yield 
when greater than 120 lb N/ac was applied preflood. The cultivar PVL01 had a stable 
grain yield when 120 to 180 lb N/ac was applied to the silt loam soils. Cultivar PVL01 
showed no signs of lodging at any of the three locations it was studied in 2018. After 
2 years of study (Norman et al., 2018), it would appear PVL01 should yield well with 
minimal to no lodging if 150 lb N/ac is applied in a two-way split of 105 lb N/ac at 
preflood and 45 lb N/ac at midseason when grown on silt loam soils and 180 lb N/ac 
in a two-way split of 135 lb N/ac at preflood and 45 lb N/ac at midseason when grown 
on clay soils.
The grain yield of Thad on the clay soil at the NEREC did not significantly in-
crease when greater than 120 lb N/ac was applied preflood (Table 5). Thad maintained 
a stable yield of 190 to 197 bu./ac when 120 to 210 lb N/ac was applied preflood at the 
NEREC. Thad attained a maximum grain yield of 203 bu./ac at the PTRS when 120 lb 
N/ac was applied preflood, but did not significantly increase in yield when more than 
90 lb N/ac was applied preflood. The grain yield of Thad steadily increased on the silt 
loam soil at the RREC as the preflood N fertilizer rate increased to 150 lb N/ac and 
then leveled off at 181 to 182 bu./ac. The grain yield of Thad did not significantly in-
crease at the RREC when more than 150 lb N/ac was applied preflood. Thad displayed 
a stable grain yield over a wide N fertilizer rate range at the NEREC and PTRS when 
the rate to achieve maximum yield was reached and also appears to have good lodging 
resistance. After 2 years of study (Norman et al., 2018), it would appear Thad should 
yield well with minimal to no lodging if 150 lb N/ac is applied in a two-way split of 
105 lb N/ac at preflood and 45 lb N/ac at midseason when grown on silt loam soils and 
180 lb N/ac in a two-way split of 135 lb N/ac at preflood and 45 lb N/ac at midseason 
when grown on clay soils.
The experimental line CLX6-1111 achieved yields of over 200 bu./ac at all three 
locations in 2018 (Table 6). The CLX6-1111 line achieved a peak grain yield of 212 
bu./ac when 210 lb N/ac was applied preflood on the clay soil at the NEREC, but did 
not significantly increase in yield when more than 150 lb N/ac was applied preflood at 
the NEREC. The grain yield of CLX6-1111 did not significantly increase in yield on 
the silt loam soil at the PTRS when more than 150 lb N/ac was applied preflood. The 
experimental line yielded greater than 200 bu./ac at the PTRS when 120 to 180 lb N/
ac was applied in a single preflood N application. The CLX6-1111 line yielded greater 
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than 200 bu./ac at the RREC when 90 lb N/ac or greater was applied to this silt loam 
soil. The line CLX6-1111 achieved a maximum yield of 225 bu./ac when 150 lb N/
ac was applied preflood at the RREC, but did not significantly increase in yield when 
more than 120 lb N/ac was applied preflood to this silt loam soil. This was the first year 
CLX6-1111 was in the cultivar × N rate studies and 1 to 2 more years of research will 
be required before an N rate recommendation can be made.
The experimental line CLX6-1133 suffered from severe lodging at the NEREC 
that greatly reduced its yield at this location across the N fertilizer rates applied (Table 
7). The CLX6-1133 line had a maximum grain yield of only 177 bu./ac on the clay 
soil at the NEREC and did not significantly increase in yield when greater than 90 lb 
N/ac was applied preflood due to lodging. Lodging of CLX6-1133 at the NEREC was 
noticeable at all N rates applied and became severe (70% to 95% lodging) when 90 
lb N/ac or greater was applied. The rainy weather at the NEREC did not allow for a 
timely harvest which would probably have minimized the lodging at this location if the 
other locations are any indication. The CLX6-1133 line did not lodge at all at the two 
other locations, PTRS and RREC, where it achieved yields of greater than 200 bu./ac. 
The CLX6-1133 line achieved a maximum yield of 215 bu./ac when 120 lb N/ac was 
applied preflood on the silt loam soil at the PTRS, but did not significantly increase in 
yield when greater than 90 lb N/ac was applied. When the N rate exceeded 120 lb N/ac 
at the PTRS the yield of CLX6-1133 appeared to steadily decrease even though there 
was no noticeable signs of lodging. The grain yield of CLX6-1133 exceeded 200 bu./
ac on the silt loam soil at the RREC when 120 lb N/ac or greater was applied preflood 
with no noticeable signs of lodging. The grain yield of CLX6-1133 did not significantly 
increase at the RREC when greater than 120 lb N/ac was applied preflood. This was 
the first year CLX6-1133 was in the cultivar × N rate studies and 1 to 2 more years of 
research will be required before an N rate recommendation can be made. 
The experimental line CLX5-4083 achieved the highest yields of any cultivar in 
the cultivar × N rate studies in 2018 (Table 8), except Diamond (Table 9). The CLX5-
4083 line yielded 220 bu./ac when 210 lb N/ac was applied preflood to the clay soil at 
the NEREC, but did not significantly increase in yield when more than 150 lb N/ac was 
applied preflood (Table 8). Grain yields of greater than 200 bu./ac were achieved by the 
CLX5-4083 line on the silt loam soils at the PTRS and the RREC when 90 lb N/ac or 
greater was applied. The CLX5-4083 line obtained its highest yield of 223 bu./ac at the 
PTRS when 150 lb N/ac was applied preflood and did not significantly increase when 
the N rate was increased to 180 lb N/ac. The CLX5-4083 line obtained its highest yield 
(237 bu./ac) of the three locations at the RREC when 180 lb N/ac was applied preflood. 
The grain yield of the CLX5-4083 line did not significantly increase on the silt loam soil 
at the RREC when greater than 120 lb N/ac was applied in a single preflood applica-
tion. This was the first year CLX5-4083 was in the cultivar × N rate studies and 1 to 2 
more years of research will be required before an N rate recommendation can be made.
The Diamond rice cultivar was included in the studies as a control and to give a 
frame of reference for comparing the grain yield performance and lodging percentage 
of the new cultivars over the N fertilizer rates applied at the three locations (Table 9). 
The N fertilizer rate recommendation for Diamond is 150 lb N/ac applied in a two-way 
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split of 105 lb N/ac at preflood and 45 lb N/ac at midseason when grown on silt loam 
soils and 180 lb N/ac applied in a two-way split of 135 lb N/ac at preflood and 45 lb 
N/ac at midseason when grown on clay soils. 
Significance of Findings
The cultivar × N fertilizer rate studies examines the grain yield performance of 
a new rice cultivar across a range of N fertilizer rates on representative soils and under 
climatic conditions that exist in the Arkansas rice-growing region. Thus, these studies 
are able to estimate the proper N fertilizer rate for a cultivar to achieve maximum grain 
yield when grown commercially in the Arkansas rice-growing region. The seven cul-
tivars studied in 2018 were: CL153, CL272, PVL01, Thad, and the experimental lines 
CLX6-1111, CLX6-1133, and CLX5-4083. The data generated from multiple years of 
testing of each cultivar will be used to determine the proper N fertilizer rate to achieve 
maximum yield when grown commercially on most silt loam and clay soils in Arkansas.
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Table 1. Pertinent agronomic information for the University of Arkansas System Division 
of Agriculture’s Northeast Research and Extension Center (NEREC), Keiser, Arkansas, 
the Pine Tree Research Station (PTRS), Colt, Arkansas, and the Rice Research and 
Extension Center (RREC), Stuttgart, Arkansas, during 2018. 
Practices NEREC PTRS RREC 
Preplant fertilizers --------------- 22 March  0-60-60 + 
10 lb Zn/ac as ZnSO4 
16 March  0-60-90 + 
10 lb Zn/ac as ZnSO4 
 
Planting date 
 
3 May 
 
19 April 
 
11 April 
 
Emergence date 
 
11 May 
 
4 May 
 
27 April 
 
Herbicide spray date 
and procedures 
 
5 May  1.5 pt 
Command/ac + 2 oz 
Sharpen + 32 oz 
RoundUp/ac + 1 pt 
surfactant/ac 
 
5 April  8 oz 
Command/ac + 20 oz 
Facet L/ac   
 
12 April  20 oz 
Obey/ac  
 
Herbicide spray date 
and procedures 
 
6 June  4 qt 
RiceBeaux/ac 
 
5 May  3 qt 
propanil/ac 
 
23 May  24 oz 
RiceStar/ac + 22oz 
Facet L/ac + 1% 
COCa 
 
Herbicide spray date 
and procedures 
 
14 June  24 oz 
RiceStar/ac + 1% COC 
 
--------------- 
 
16 July  20 oz 
Clincher/ac + 1 qt 
COC/ac 
 
Herbicide Spray 
date and procedures 
 
4 July  15 oz 
Clincher/ac + 43 oz 
Facet L/ac + 1 qt 
COC/ac 
 
--------------- 
 
19 July  15 oz 
Clincher/ac + 1 qt 
COC/ac 
 
Preflood N date 
 
11 June 
 
6 June 
 
23 May 
 
Flood date 
 
 
14 June 
 
7 June 
 
24 May 
 
Drain date 
 
27 August 
 
7 September 
 
20 August 
 
Harvest date 
 
3 October 
 
17 September 
 
5 September 
a COC = crop oil concentrate. 
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Table 2.  Influence of nitrogen (N) fertilizer rate on the grain yield 
of CL153 rice at three locations during 2018. 
N Fertilizer rate 
Grain yield 
NERECa PTRS RREC 
(lb N/ac) ----------------------------- (bu./ac) ------------------------------ 
0 104 113 121 
60 ---- 178 158 
90 174 201 173 
120 191 206 190 
150 187 217 189 
180 199 217 192 
210 190 4b ---- ---- 
LSD0.05c 13.2 16.0 16.7 
C.V.d 5.0 5.6 6.5 
a NEREC = Northeast Research and Extension Center, Keiser, Ark.; 
  PTRS = Pine Tree Research Station, Colt, Ark.; RREC = Rice Research and 
  Extension Center, Stuttgart, Ark. 
b Number in superscript to the side of the grain yield are lodging percentages. 
c LSD = least significant difference. 
d C.V. = coefficient of variation. 
 
Table 3.  Influence of nitrogen (N) fertilizer rate on the grain yield 
of CL272 rice at three locations during 2018. 
N Fertilizer rate 
Grain yield 
NERECa PTRS RREC 
(lb N/ac) ----------------------------- (bu./ac) ------------------------------ 
0 112 106 119 
60 ---- 158 145 
90 182 182 178 
120 191 201 172 
150 198 3b 214 175 
180 184 16 215 181 
210 173 8 ---- ---- 
LSD0.05c 19.0 17.7 21.3 
C.V.d 7.3 6.5 8.8 
a NEREC = Northeast Research and Extension Center, Keiser, Ark.; 
  PTRS = Pine Tree Research Station, Colt, Ark.; RREC = Rice Research 
  and Extension Center, Stuttgart, Ark. 
b Number in superscript to the side of the grain yield are lodging percentages. 
c LSD = least significant difference. 
d C.V. = coefficient of variation. 
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Table 4. Influence of nitrogen (N) fertilizer rate on the grain yield of 
PVL01 rice at three locations during 2018. 
N Fertilizer rate 
Grain yield 
NERECa PTRS RREC 
(lb N/ac) ------------------------------- (bu./ac) -------------------------------- 
0 82 95 124 
60 ---- 162 157 
90 142 182 175 
120 146 190 191 
150 147 203 196 
180 156 199 189 
210 151 ---- ---- 
LSD0.05b 14.7 11.8 14.3 
C.V.c 7.1 4.6 5.5 
a NEREC = Northeast Research and Extension Center, Keiser, Ark.; 
  PTRS = Pine Tree Research Station, Colt, Ark.; RREC = Rice Research 
  and Extension Center, Stuttgart, Ark. 
b LSD = least significant difference. 
c C.V. = coefficient of variation. 
 
Table 5.  Influence of nitrogen (N) fertilizer rate on the grain yield of 
Thad rice at three locations during 2018. 
N Fertilizer rate 
Grain yield 
NERECa PTRS RREC 
(lb N/ac) ------------------------------- (bu./ac) -------------------------------- 
0 120 112 88 
60 ---- 167 124 
90 175 192 139 
120 190 203 157 
150 190 198 182 
180 191 196 181 
210 197 ---- ---- 
LSD0.05b 19.5 13.9 15.1 
C.V.c 7.3 5.2 6.9 
a NEREC = Northeast Research and Extension Center, Keiser, Ark.; 
  PTRS = Pine Tree Research Station, Colt, Ark.; RREC = Rice Research 
  and Extension Center, Stuttgart, Ark. 
b LSD = least significant difference. 
c C.V. = coefficient of variation. 
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Table 6. Influence of nitrogen (N) fertilizer rate on the grain yield of 
CLX6-1111 experimental rice at three locations during 2018. 
N Fertilizer rate 
Grain yield 
NERECa PTRS RREC 
(lb N/ac) ----------------------------- (bu./ac) ------------------------------ 
0 99 101 132 
60 ---- 172 190 
90 174 194 200 
120 177 206 217 
150 194 216 225 
180 208 218 220 
210 212 ---- ---- 
LSD0.05b 18.3 9.3 12.4 
C.V.c 6.9 3.3 4.2 
a NEREC = Northeast Research and Extension Center, Keiser, Ark.; 
  PTRS = Pine Tree Research Station, Colt, Ark.; RREC = Rice Research 
  and Extension Center, Stuttgart, Ark. 
b LSD = least significant difference. 
c C.V. = coefficient of variation. 
 
Table 7. Influence of nitrogen (N) fertilizer rate on the grain yield of CLX6-1133 
experimental rice at three locations during 2018. 
N Fertilizer rate 
Grain yield 
NERECa PTRS RREC 
(lb N/ac) ------------------------------- (bu./ac) -------------------------------- 
0 100 5b 135 118 
60 ---- 182 170 
90 166 23 205 192 
120 169 70 215 202 
150 164 85 204 209 
180 177 79 200 210 
210 165 95 ---- ---- 
LSD0.05c 22.4 10.1 17.2 
C.V.d 9.5 3.5 6.2 
a NEREC = Northeast Research and Extension Center, Keiser, Ark.; 
  PTRS = Pine Tree Research Station, Colt, Ark.; RREC = Rice Research 
  and Extension Center, Stuttgart, Ark. 
b Number in superscript to the side of the grain yield are lodging percentages. 
c LSD = least significant difference. 
d C.V. = coefficient of variation. 
 
  AAES Research Series 659
336
Table 8. Influence of nitrogen (N) fertilizer rate on the grain yield of 
CLX5-4083 experimental rice at three locations during 2018. 
N Fertilizer rate 
Grain yield 
NERECa PTRS RREC 
(lb N/ac) ------------------------------- (bu./ac) -------------------------------- 
0 97 119 126 
60 ---- 183 178 
90 162 209 205 
120 181 211 226 
150 198 223 225 
180 204 222 237 
210 220 ---- ---- 
LSD0.05b 22.5 9.4 16.3 
C.V.c 8.4 3.2 5.4 
a NEREC = Northeast Research and Extension Center, Keiser, Ark.; 
  PTRS = Pine Tree Research Station, Colt, Ark.; RREC = Rice Research 
  and Extension Center, Stuttgart, Ark. 
b LSD = least significant difference. 
c C.V. = coefficient of variation. 
 
Table 9.  Influence of nitrogen (N) fertilizer rate on the grain yield of Diamond rice at 
three locations during 2018. 
N Fertilizer rate 
Grain yield 
NERECa PTRS RREC 
(lb N/ac) ------------------------------- (bu./ac) -------------------------------- 
0 105 100 145 
60 ---- 177 181 
90 190 209 201 
120 209 234 222 
150 233 241 231 
180 236 248 238 
210 252 ---- ---- 
LSD0.05b 15.8 9.7 13.8 
C.V.c 4.8 3.2 4.5 
a NEREC = Northeast Research and Extension Center, Keiser, Ark.;  
  PTRS = Pine Tree Research Station, Colt, Ark.; RREC = Rice Research 
  and Extension Center, Stuttgart, Ark. 
b LSD = least significant difference. 
c C.V. = coefficient of variation. 
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RICE CULTURE
Maximizing Profitability of a Rice Crop through Management of 
the Previous Soybean Crop’s Planting Date and Maturity Group
C.C. Ortel1, T.L. Roberts1, R.J. Norman1, and K.A. Hoegenauer1
Abstract
Little is known about the effects of soybean (Glycine max L.) management practices 
on the subsequent rice (Oryza sativa L.) crop’s success. This study was continued 
to determine rice response to different soybean maturity groups (MGs) and planting 
dates when grown in rotation with rice on a silt loam soil in Arkansas. Various soybean 
planting dates (optimum and late) and MGs (3.5, 4.7, 5.4, and 5.6) were considered 
followed with a single cultivar of rice. The rice was measured for the total N uptake 
(TNU) at 50% heading, grain yield and N fertilizer rate needed to achieve 95% rela-
tive grain yield (RGY). Total N uptake was effected by the previous soybean planting 
date, with significantly higher rice N uptake following a late-planted soybean crop. 
The interaction of planting date by MG of the previous soybean crop influenced the 
maximal grain yield achieved by the rice crop (P < 0.0001) and the N rate needed to 
achieve 95% RGY (P = 0.0007). Management techniques should be considered when 
implementing a soybean-rice rotation on a silt loam soil in Arkansas to maximize rice 
grain yield and overall farm profitability through minimizing fertilizer-N needed to 
achieve high grain yields.
Introduction
In 2017, 70% of the rice grown in Arkansas was grown in rotation with soybean, 
the leading crop in both cash receipts and acres harvested in the state (Hardke, 2018). 
The soybean-rice crop rotation system is widely used for the benefits provided to both 
crops. One benefit is the N credit supplied to the rice crop through mineralization of 
the soybean residue returned to the soil system after harvest. Soybean residue has a 
relatively high N concentration and a low C:N ratio compared to crops grown in a 
similar rotation, promoting net mineralization and release of plant available N (Clark 
et al., 2015). Different maturity groups (MGs) of soybean grown in similar conditions 
will produce a different yield and harvest index, thus returning differing amounts of 
N to the soil system (Mastrodomenico et al., 2012). Consequently, the recommended 
fertilizer-N rate required to maximize rice grain yield could be affected. This reduction 
1 Graduate Research Assistant, Associate Professor, Professor, and Graduate Research Assistant, 
respectively, Department of Crop, Soil, and Environmental Sciences, Fayetteville, Ark.
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in fertilizer-N may result in a large savings of input costs associated with the rice crop, 
helping the producer to maximize profitability, as N fertilizer is often the largest single 
input cost to a rice producer (Roberts et al., 2013). The goal of this research was to 
continue to investigate the variances in different soybean planting dates and MGs and 
their impact on fertilizer-N recommendations for the following rice crop. The soybean 
yield was evaluated in an attempt to link the soybean management style to the optimal 
rice N fertilization rate.
Procedures
Field studies of a soybean-rice crop rotation were continued during the 2017 and 
2018 growing seasons at the University of Arkansas System Division of Agriculture’s 
Pine Tree Research Station near Colt, Arkansas. The study was conducted on a Calhoun 
silt loam soil (fine-silty, mixed, active, thermic Typic Glossaqualfs) and a Calloway silt 
loam soil (fine-silty, mixed, active, thermic Aquic Fraglossudalfs). Two indeterminate 
(3.5 and 4.7 MGs) and two determinate (5.4 and 5.6 MGs) soybean cultivars were 
drill-seeded in strips in the field on 7 May 2017 and 4 July 2017 as optimum and late 
planting dates, respectively, for full-season soybean production. All seed was treated 
with CruiserMaxx® Beans (Syngenta, Research Triangle Park, N.C.). The cultivars 
planted are presented in Table 1. At maturity, each plot was harvested and yield data 
was collected and adjusted to 13.5% moisture. Between crops, the soil was left fallow 
and the soybean residue was spread evenly within each plot. 
The pure-line, long-grain cultivar, CL 153 was planted the following spring on 2 
May 2018. Nitrogen fertilizer, as urea treated with N-(n-butyl) thiophosphoric triamide 
(NBPT), was hand-applied onto a dry soil surface at rates of 0, 40, 80, 120, 160, and 
200 lb N/ac as a single pre-flood application when the rice reached the 4- to 5-leaf stage. 
Following the preflood N application, a 2- to 4-in. flood was established and maintained 
until rice crop maturity and the flood was released prior to harvest. Plots were man-
aged to be weed and pest free following the University of Arkansas System Division of 
Agriculture's Cooperative Extension Service recommended practices for drill-seeded, 
delayed-flood rice (Hardke, 2017). The rice crop was sampled at 50% heading for total 
N uptake (TNU) using 3-ft samples from a bordered row. On 3 September, the rice 
reached about 20% moisture and was harvested with a small plot combine. 
The overall analysis of variance design was a split plot with four replications 
in each field. Previous soybean planting date was treated as the whole plot factor and 
previous soybean MG was treated as the split plot factor, both analyzed as fixed effects. 
An interaction between the previous soybean planting date and MG was considered as a 
fixed effect. Replication was nested within previous soybean planting date and included 
as a random effect. Means separation was done using Tukey's honestly significant dif-
ference test for those effects having significant F-tests. Comparisons were done at the 
α = 0.05 significance level. Normality was assumed in all distributions. All statistical 
analyses were preformed using JMP Pro 14 (SAS Institute, Inc., Cary, N.C.).
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Results and Discussion
Significant differences in rice grain yield appeared as an interaction of previous 
soybean planting date and MG (P < 0.0001; Table 2). Of the rice that followed an 
optimum planted soybean treatment, none of the previous MGs were significantly dif-
ferent than the fallow strip in the field (Fig. 1). This indicates the MG selection does 
not significantly influence the following rice crop grain yield when the soybean crop 
is planted at an optimum time. Regardless, soybean MG selection when planted at an 
optimum time is important for the overall system productivity due to the significant 
soybean crop grain yield differences between MG in 2017 (P = 0.0004). The rice 
which followed the late-planted 5.6 MG or 3.5 MG soybean treatments produced the 
statistically highest rice grain yield overall (P < 0.0001). However, the late-planted 5.6 
MG soybean produced significantly higher soybean grain yields than the late-planted 
3.5 MG soybean crop in 2017 (P = 0.0026). Therefore when planting a soybean crop 
late, the MG selection is an important factor in the overall success of the crop rotation. 
The late-planted 5.6 MG soybean provided the most profit to the overall system when 
considering a late soybean planting date as it resulted in a relatively high soybean yield 
and the overall highest rice grain yield at this location. 
The previous soybean crop grain yield appears to influence the soil-N credits 
established. The rice that followed a late-planted, low yielding soybean crop resulted 
in significantly higher TNU than when following an optimum planted, high yielding 
soybean crop (P = 0.0155; Table 2). The-late planted soybean crop removed less N 
through grain harvest, resulting in a possible increase in N returned to the soil in the 
unharvested residue, therefore increasing soil-N credits. 
The N rate needed to achieve 95% RGY also indicated differences between 
previous MGs and planting dates (P = 0.0007; Table 2). The rice following optimum 
planted soybean had no significant differences between the previous MG treatments 
and the fallow control (Fig. 2). However, the rice following the late-planted determinate 
soybean (5.4 and 5.6 MGs) needed significantly less N to achieve 95% RGY than the 
rice following the fallow treatment. The previous late-planted 5.4 and 5.6 MGs reduced 
the fertilizer-N rate by 48 and 46 lb N/ac, respectively, when compared to the fallow 
treatment. The two treatments that needed the most N to achieve 95% RGY were the 
optimum planted 4.7 MG and the fallow control, requiring 148 and 147 lb N/ac, respec-
tively. All other treatments reduced the rate of N fertilizer needed for the following rice 
crop. The late-planted 5.6 MG provided the following rice crop with the highest grain 
yield while requiring the lowest fertilizer-N rate to achieve 95% RGY.
Significance of Findings
When producing a soybean-rice crop rotation on a silt loam soil in Arkansas, the 
soybean crop planting date and MG are effective management tools to maximize profit. 
When the soybean crop is planted at an optimum time (May or earlier), MG selection 
is not critical for maximizing rice grain yield but should be considered to maximize 
soybean yield and overall profit. However when the soybean crop is planted late (July), 
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the MG selection becomes a very influential factor for the subsequent rice crop success. 
Planting a determinate variety when using a late planting date has shown to increase 
the following rice crop’s grain yield and reduce the fertilizer-N needed. However, this 
does involve a trade off for soybean grain yield and when given the choice an optimum 
planting date should be used. All management decisions should be based on current 
crop prices. Future research involving a larger array of soybean MGs with various crop 
rotation cycles is needed to further identify these trends. A several year study would 
allow the cumulative effects of soybean MG and planting date on soil-N mineralization 
potential and differences in soil-N credits to be quantified.
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Table 1. Soybean cultivar comparisons using information 
obtained on the seed distributors website 
(DuPont Pioneer, 2017; University of Arkansas, 2018). 
Year Cultivar Seed company 
Relative 
maturity Technologya 
2017 P35T48 Pioneer 3.5 R 
2017 P47T36 Pioneer 4.7 R 
2017 UA 5414 University of 
Arkansas 
5.4 R 
2017 UA 5612 University of 
Arkansas 
5.6 C 
a R = glyphosate tolerant; C = conventional. 
 
 
Table 2. Abbreviated analysis of variance tables for individual 2018 
fixed effect variables: previous soybean planting date (PD), previous 
soybean maturity group (MG), and the interaction of both 
previous soybean management practices (MG x PD). 
 
Maximal grain yield  
N rate to achieve 
95% RGYa 
Effect NDF
a DDFa F Ratio P-value  F Ratio P-value 
PD 1 x6.0 56.0878 x0.0003*  3.9625 0.0931x 
MG 4 23.1 7.5475 x0.0005*  7.4796 0.0005* 
MG x PD 4 23.1 14.9898 <0.0001*  7.0785 0.0007* 
 Total nitrogen uptake    
 NDF DDF F Ratio P-value    
PD 1 x6.0 11.1818 0.0155*    
MG 4 24.0 x0.1598 0.9566x    
MG x PD 4 24.0 x0.4535 0.7689x    
a NDF = numerator degrees of freedom; DDF = denominator degrees 
  of freedom; RGY = relative grain yield. 
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Fig. 1. Maximal rice grain yield at the University of Arkansas System Division of 
Agriculture's Pine Tree Research Station in 2018 as influenced by previous soybean 
relative maturities and planting dates. Means not sharing the same letter are significantly 
different (honestly significant difference, P < 0.05).
Fig. 2. Nitrogen fertilizer rate needed to achieve 95% relative grain yield (RGY) at 
the University of Arkansas System Division of Agriculture's Pine Tree Research 
Station in 2018 fields as influenced by previous soybean relative maturities and 
planting dates. Means not sharing the same letter are significantly 
different (honestly significant difference, P < 0.05).
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RICE CULTURE
Grain Yield Response of Furrow-Irrigated Clearfield Hybrid 
RT 7311 to Different Nitrogen Sources
D.M. Pickelmann1, C.G. Henry1, V. Kandpal1, and G. Simpson1
Abstract
A study was conducted to evaluate the performance of three different nitrogen (N) 
fertilizer source treatments in a furrow-irrigated rice field study during the season of 
2018 at the University of Arkansas System Division of Agriculture's Rice Research and 
Extension Center near Stuttgart, Arkansas on a DeWitt silt loam. The N sources used 
were 32% urea-ammonium nitrate (UAN) solution, Environmentally Smart Nitrogen 
(ESN), and urea. The N sources were used in several different split application timings. 
Yield differences between the N treatments were observed for the hybrid RT 7311 CL.
Introduction
Rice is one of the most important crops in the world which was consumed by 
almost 3 billion people worldwide in 2015 (Mosleh et al., 2015). In the United States, 
Arkansas is the largest producer of rice. In the last three years, Arkansas contributed 
48.8% of the total rice production in the U.S. In 2016, 47% of the total rice production 
was contributed by Arkansas and 49.1% of the total rice acreage was also represented 
by Arkansas (Hardke, 2017). Nitrogen (N) fertilizer was applied to 97% of the 2006 
Arkansas rice production [1.4 M acres (568,988 ha)] at an average rate of 206 lb N/ac 
(231 kg N/ha; USDA-NASS, 2007). Needless to say, N application plays a significant 
role in rice production as well as in the cost associated with it.
In a flood irrigated rice field, 150 lb N/ac  is recommended for most rice cultivars 
which can be adjusted according to the soil texture, cultivar of the rice and previous 
crop (Davidson et al., 2016); although tests are available to predict the in-season N 
needs of rice for mid-South conditions (Roberts et al., 2012). Typically, N is applied 
through ammoniacal fertilizers like urea or ammonium sulfate. This fertilization can be 
done as a single application, when the plants are at the 4–6 leaf stage, or it can be split 
into two applications where the first is applied at the 4–6 leaf stage and the latter at the 
beginning of the reproductive stage (Frizzell et al., 2016; Wilson et al., 1994). Urea is 
extensively used as the N source for these applications due to its low cost per pound of 
1 Program Associate, Associate Professor and Water Management Engineer, Former Graduate Research 
Assistant, and Program Associate, respectively, Department of Biological and Agricultural Engineering 
University of Arkansas, Rice Research and Extension Center, Stuttgart, Ark.
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N (Wilson et al., 1994; Golden et al., 2009). The use of ground operated applicators for 
applying urea is limited in a flooded field after the construction of levees (Golden et al., 
2009). Therefore aerial application of urea is conducted which significantly increases 
the cost of N application (Golden et al., 2009). It also creates a problem of uneven urea 
distribution in the field (Wilson et al., 1994). This problem of uneven distribution pos-
sibly can be reduced by using urea-ammonium nitrate (UAN) solution; however, it can 
be a substandard N source compared to urea for pre-flood application due to the 25% 
of N as nitrate that can be lost via denitrification in flooded or saturated soil (Wilson et 
al., 1994). Aerial application can also cause delayed N application during the untimely 
rainfall events at the time of desired (4–6 leaf) rice growth stage (Golden et al., 1994). 
This problem can be marginalized in a furrow-irrigated (row-rice) rice field where 
the drainage of water from the field is easily manageable and the ground equipment 
can be used for fertilizer and chemical application. However, little is known about the 
types of N fertilizers that can be used in a row-rice production system. In Arkansas, 
7.1% of the rice acreage is furrow-irrigated and it is gaining popularity among farmers 
because it helps to simplify crop rotation and management. However, no knowledge on 
nitrogen efficiency in furrow-irrigated rice is available. Because it is readily available 
as a liquid, the application of UAN can be done through the irrigation system, likely at 
a much lower cost than dry fertilizers, in furrow-irrigated rice systems.
Another kind of approach to increase N efficiency is to use controlled release 
fertilizers like Environmentally Smart Nitrogen (ESN). These types of fertilizers can 
help to reduce environmental losses by matching nutrient demand of crop with N release 
from the fertilizer (Blackshaw et al., 2011). It has been suggested in a study (Golden et 
al., 2009) that N release from ESN is too rapid for rice cultivated in the direct-seeded, 
delayed-flood cultural system. This experiment was done to study the effects of dif-
ferent kinds and approaches of using N fertilizer in a row-rice field on the crop yield.
Procedures
This study was conducted at University of Arkansas System Division of Agri-
culture's Rice Research and Extension Center near Stuttgart, Arkansas in 2018. The 
soil in the field is predominately a DeWitt Silt loam which was identified by soil tests 
conducted by the USDA web soil survey. Raised beds were constructed on 30-inch 
spacing. RiceTec hybrid RT 7311 CL was seeded in the field. The field was divided into 
a total of 24 plots of approximately 1 acre size for each treatment. Each plot consisted 
of 12 beds and 12 furrows (11 plus two half furrows). Each treatment was replicated 
three times and randomized.  Rice was seeded at 10% above the standard seeding rec-
ommendation, or 30 lb/ac on 17 May 2018. The following N treatments utilizing urea 
(46-0-0), ESN (44-0-0), and UAN (32-0-0) were applied: 
Urea (150), 150 lb N/ac as urea with a urease inhibitor on 13 June;
Split Urea (100/50), 100 lb N/ac as urea with a urease inhibitor applied on 13 June and 
50 lb N/ac as urea with a urease inhibitor applied on 28 June (15 days post first 
N application);
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Split ESN/Urea (75/75), 75 lb N/ac as ESN applied on 13 June and 75 lb N/ac as urea 
with a urease inhibitor applied on 28 June (15 days post first N application);
Split Urea/ESN (75/75), 75 lb N/ac as urea with a urease inhibitor applied on 13 June 
and 75 lb N/ac as ESN applied on 28 June (15 days post first N application);
Split UAN (75/75), 75 lb N/ac as urea with a urease inhibitor applied on 13 June and. 
75 lb N/ac as UAN applied on 28 June along with irrigation;
UAN (150), 150 lb N/ac as urea-ammonium nitrate applied on 15 June along with ir-
rigation using the fertigation method described above;
Split UAN (75/75/25), 75 lb N/ac of urea-ammonium nitrate fertigated on 13 June then 
another 75 lb N/ac as urea-ammonium nitrate applied on 28 June along with ir-
rigation and another 25 lbs of N/ac applied as urea-ammonium nitrate applied on 
July 2 on the top half of the field only followed by a partial irrigation (advance 
time of 5 hrs) a full irrigation (advance time 10 hrs);
and Split Urea (100/50/25), 100 lb N/ac as urea with a urease inhibitor applied on 13 June 
and 50 lb N/ac as urea with a urease inhibitor applied on 28 June, along with an 
additional 25 lb N/ac on the top half of the field (15 days post first N application).
A fertigation method was designed for UAN application. “High flo” gold series 
25 psi pump was used to pressurize the system. Netafim 2 l/h or 1 l/h emitters were 
used depending upon the application rate. Standard polyethylene three-quarter inch 
drip tube was laid at the top of the plots and emitters were installed in the furrows of 
the UAN treatment plots. An AMIAD 100 micron three-quarter inch disc filter was 
used to prevent emitter clogging. The advance time of the irrigation was determined 
from previous knowledge of advance time in earlier irrigation events. Historically the 
advance time of the field was 10 hours. The fertigation system was designed to deliver 
the application rate desired in 8 hours. The fertigation system was started 2 hours after 
the initiation of the irrigation, and after the wetting front advance the irrigation was 
terminated allowing for recession to deliver fertilizer to the tail end of the furrow. The 
next morning irrigation recommenced to incorporate the UAN into the profile. For the 
top end only treatment, the irrigation and fertigation was discontinued when the advance 
reached one-third the furrow distance and the N fertilizer application began when the 
irrigation commenced.  
The field was furrow-irrigated with a novel tail water recovery system. An ap-
plication of 20 oz/ac of Command, 2 oz/ac of League, 32 oz/ac Roundup, and 2 oz/ac 
of Sharpen was applied the same day after planting on 18 May. On 11 June, 96 oz/ac 
of Ricebeux and 0.75 oz/ac Permit Plus were applied. On 19 June, 17 oz/ac of Ricestar 
and 32 oz/ac of Prowl were applied. On 28 June, 17 oz/ac of Clincher and 21 oz/ac of 
Facet were applied. On 2 July, 20 oz/ac of Clincher was applied. On 10 and 11 July, 5 
oz/ac of Beyond was applied. Mustang Maxx was applied for Rice Stink Bugs on 27 
August at 4 oz/ac. Due to multiple-mode resistance barnyardgrass and dry conditions 
negating the effect of the pre-emergence herbicides, yields were reduced because of 
herbicide injury from Bolero and Beyond applications (applied near green ring). Weed 
pressure was slight on this study, but the herbicide applications were done to control 
barnyardgrass in other parts of the field, impacting those studies. Irrigation manage-
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ment was done using soil moisture sensors, specifically an Aquatrac (AgSense, Huron, 
S.D.) and Acclima™ TDR Sensors (Acclima Inc., Meridian, Idaho) and supplemented 
with visual observation.  
The Greenseeker™ device was used to measure the Normalized Difference 
Vegetation Index (NDVI) of randomly selected areas of the plant canopy as well as 
reference strips in each plot during the panicle initiation stage. Reference strips of 5 ft 
by 5 ft were managed by applying one-third cup extra urea than the rest of the plots. 
One reference strip each at top, middle and bottom positions along the furrow length 
were set up on the border plot. The response index was calculated by dividing NDVI 
value of the reference strip by NDVI value of plants from the treatment plot for their 
respective positions along the furrow length.
Analysis of variance was performed using JMP Pro. Within varietal differences 
were analyzed for crop yield and water use efficiency. The measured outcomes were 
tested by the assumptions of the mathematical model (normality and homogeneity of 
variance). The factor means for each response variable, when significant, were compared 
by honestly significant difference test at a 5% probability.  
Results and Discussion
The Tukey multiple comparison test indicated no differences between three 
groups (a, b, c) between the eight N treatments at α = 0.05 (Table 1). The first group 
with no difference was Split ESN/Urea (150), Split Urea/ESN (150), Split UAN 
(75/75/25), Urea (150), Split Urea (100/50/25), and Split UAN (75/75). There were no 
yield differences between Split Urea/ESN (150), Split UAN (75/75/25), Urea (150), 
Split Urea (100/50/25), Split UAN (75/75) and Split Urea (100/50). Lastly there were 
no treatment yield differences detected between Urea (150), Split Urea (100/50/25), 
Split UAN (75/75), Split Urea (100/50), and UAN (150). The advance time during the 
first irrigation was actually 20 hours instead of the anticipated 10 hours. This created 
a problem with the application of UAN (150) as the bottom of the field and this treat-
ment did not receive the intended N in the advance phase as designed. This unusually 
dry soil condition was experienced only in the first irrigation, and had an effect on the 
distribution uniformity of N on split UAN (75/75) and Split UAN (75/75/25). For the 
other two UAN treatments, the actual advance time in the field matched the fertilizer 
application advance time, thus these treatments were able to deliver UAN to the bottom 
of the field during the second application and subsequent irrigation. To better compare if 
UAN fertigation was effective, the UAN (150) treatment was removed from the analysis 
and analyzed (Table 2). In this multiple comparison, there were only two groups (a, b). 
There was no significant difference detected between the other treatments (a) except 
for the Urea (100/50) treatment. For the second group (b), there was no difference 
detected between the treatments except for Split ESN/Urea (150) and the remaining 
treatments. This suggests that the all up front Urea (150) was significantly different 
than the Urea (100/50) split, which was not expected. Even with this interpretation of 
the statistics, the data does not clearly indicate that any fertilizer treatment or split is 
more advantageous over another.  
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The response index differences, (reference NDVI/measured NDVI) were com-
pared between treatments (Table 3). Treatments UAN (150) and Split UAN (75/75) were 
not found to be different from each other, but UAN (150) was different from the other 
treatments. The data supports the observation that the UAN (150) was not uniformly 
applied because the advance time was much longer than expected. Thus the fertilizer 
was mostly applied to only the top end of the field, and very little fertilizer was applied 
to the bottom. With the UAN (75/75) treatment, the second irrigation applied water to 
the bottom of the field, but only about half of the expected total N was applied to that 
part of the field. This deficiency in the first fertigation event seems to work out with 
the three-way split of UAN (75/75/25) as the response index is not any different than 
the other N treatments. The response values seem to support this numerically in that 
the highest response index is the UAN (150), then UAN (75/75) and UAN (75/75/25). 
It seems by splitting the UAN over multiple fertigation events, it may compensate for 
uniformity issues. This is a very valuable finding because it is hard for irrigators to 
always predict the advance time.    
Next, the response index differences (reference NDVI/measured NDVI) were 
compared to see if there was a difference between the bottom, middle or top among all 
of the treatments using the multiple comparison test (Table 4). There were differences 
detected between the top and middle versus the bottom. Also the test indicated no dif-
ference between the bottom and middle, but these were different from the top. Thus 
this aggregate data suggest that there is a difference in the response index between the 
top and bottom of furrow-irrigated rice fields across all of the forms of N.  
However, when we look at this further, by analyzing the response index for each 
treatment by top, middle, and bottom (Table 5), we find that there is no difference in 
the response index between the top, middle and bottom for any of the treatments except 
UAN (150) and UAN (75/75). Thus the additional splits of nitrogen do not show differ-
ences between the top, middle and bottom response indices. The UAN (150) shows a 
difference between the top (1.055) and middle (1.068) versus the bottom (1.262). The 
bottom is the only response that indicates fertilizer would be needed (>1.2). The UAN 
(75/75) top and bottom response indices are different from the top and middle response 
indices. Then in the UAN (75/75/25) there is no difference between the top, middle, 
and bottom. This may explain why the yields are different and supports the theory that 
multiple fertigation applications may compensate for down furrow uniformity issues. 
Significance of Findings 
The data would suggest that different forms of N may be used in furrow-irrigated 
rice systems. A difference between splits of Urea in yield or response index could not 
be detected clearly. While incorporating ESN into the program had the highest yields, 
these treatments were not significantly different from the other N forms or splits. In 
this experiment, the soil was very dry during the first fertigation event, and N was not 
evenly distributed across the three UAN treatments. Predicting the advance time when 
fertigating a field when applying UAN through irrigation is crucial to achieve optimal 
distribution of nitrogen throughout the field. When enough splits were used, it appears 
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to compensate for the poor uniformity experienced. Thus one important consideration to 
fertigate furrow-irrigated rice is to match the fertilizer application rate with the advance 
time and apply over several irrigation events. No conclusions could be drawn about 
multiple splits, except for the UAN treatments, no trends or differences could be found 
that clearly indicated any benefit from multiple N splits.  
A similar study was conducted on this same field the year before, where no treat-
ment difference was found among the N sources (Kandpal and Henry, 2017). In that 
study the weather could be explained as a “wet” year; whereas in this study, the weather 
was more characteristic of a “dry” year. There appears to be an interaction between N 
and water (both rain and irrigation) and perhaps soil moisture in the yield of furrow-
irrigated rice, which warrants study. However, from both years of study the data suggest 
that it may be possible to use different forms of N other than Urea or in combination 
in a furrow-irrigated rice production system without significantly impacting yield. 
The feasibility of applying UAN fertilizer through the irrigation system requires more 
development and improved equipment to adjust fertilizer flow rates to match advance 
times being experienced during a fertigation event. More experiments and data are 
needed to confirm these findings and develop recommendations that could be applied 
to furrow-irrigation systems for rice.  
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Table 1. Yield differences between nitrogen source and application 
timing revealed by analysis of variance.  
Treatment Yield 
 (bu./ac) 
Split ESN†/Urea (75/75) 143.6 a‡ 
Split Urea/ESN (75/75) 141.8 ab 
Split UAN (75/75/25) 133.9 ab 
Urea (150) 128.4 abc 
Split Urea (100/50/25) 123.5 abc 
Split UAN (75/75) 123.1 abc 
Split Urea (100/50) 117.3 bc 
UAN (150) 105.1 c 
† ESN = environmentally safe nitrogen; UAN = urea ammonium nitrate. 
‡ Means within a column followed by different letters are significantly different 
  at P = 0.05 level. Tukey’s honestly significant difference method used for 
  mean comparison. 
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Table 2. Yield differences between nitrogen source and application timing 
revealed by analysis of variance without UAN (150) treatment. 
Treatment Yield 
 (bu./ac) 
Split ESN†/Urea (75/75) 143.6 a‡ 
Split Urea/ESN (75/75) 141.8 ab 
Split UAN (75/75/25) 133.9 ab 
Urea (150) 128.4 ab 
Split Urea (100/50/25) 123.5 ab 
Split UAN (75/75) 123.1 ab 
Split Urea (100/50) 117.3 b 
† ESN = environmentally safe nitrogen; UAN = urea ammonium nitrate. 
‡ Means within a column followed by different letters are significantly 
  different at P = 0.05 level. Tukey’s honestly significant difference method 
  used for mean comparison. 
 
Table 3. Response index differences (Reference NDVI/ measured NDVI) 
between treatments revealed by analysis of variance. 
Treatment Response index 
UAN† (150) 1.114 a‡ 
Split UAN (75/75) 1.050 ab 
Urea (150) 1.042 b 
Split Urea/ESN (75/75) 1.015 b 
Split UAN (75/75/25) 1.012 b 
Split Urea (100/50) 1.012 b 
Split Urea (100/50/25) 1.000 b 
Split ESN/Urea (75/75) 0.988 b 
† UAN = urea ammonium nitrate; ESN = environmentally safe nitrogen. 
‡ Means within a column followed by different letters are significantly 
  different at P = 0.05 level. Tukey’s honestly significant difference 
  method used for mean comparison. 
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Table 4. Response index differences (Reference NDVI/ measured 
NDVI) between field position revealed by analysis of variance. 
Position Response index 
Bottom 1.052 a† 
Middle 1.018 ab 
Top 1.017 b 
† Means within a column followed by different letters are significantly 
  different at P = 0.05 level. Tukey’s honestly significant difference 
  method used for mean comparison. 
 
Table 5. Response index differences (Reference NDVI/ measured NDVI) top 
of field position revealed by analysis of variance. 
 Response index 
Treatment Top Middle Bottom 
UAN† (150) 1.055 b‡ 1.026 b 1.262 a 
Split UAN (75/75) 1.031 ab 1.022 b 1.098 a 
Urea (150) 1.046 a 1.068 a 1.013 a 
Split Urea/ESN (75/75) 1.018 a 1.018 a 1.009 a 
Split Urea (100/50) 1.000 a 1.022 a 1.013 a 
Split Urea (100/50/25) 1.000 a 1.004 a 0.996 a 
Split UAN (75/75/25) 0.992 a 1.004 a 1.040 a 
Split ESN/Urea (75/75) 0.996 a 0.983 a 0.983 a 
† UAN = urea ammonium nitrate; ESN = environmentally safe nitrogen.  
‡ Means within a column followed by different letters are significantly different 
  at P = 0.05 level. Tukey’s honestly significant difference method used 
  for mean comparison. 
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RICE CULTURE
Utilization of On-Farm Testing to Evaluate Rice Cultivars, 2018
W.J. Plummer1, D.L. Frizzell1, T.D. Frizzell1, 
E. Castaneda-Gonzalez1, and J.T. Hardke1
Abstract
On-farm testing provides researchers the opportunity to evaluate cultivars in a more 
unpredictable environment than that of the research station or traditional test plots. The 
Producer Rice Evaluation Program (PREP) utilizes commercial rice fields throughout 
the state to evaluate experimental lines and various commercial cultivars for disease, 
lodging, grain yield potential, and milling yield in diverse growing conditions, soil types 
and farming practices. For producers, knowing the optimum cultivar for each field is their 
biggest and most important tool. On-farm testing can indicate which cultivars are suited 
for a particular growing situation. Field studies were located in Craighead, Crittenden, 
Randolph, Lonoke, Prairie, Perry, Poinsett, St Francis, White and Woodruff counties dur- 
ing the 2018 growing season. Twenty-five cultivars were selected for evaluation in the 
on-farm tests. The average grain yield across all locations was 211 bu./ac and the mean 
milling yield or percent head rice/percent total white rice (%HR/%TR) was 59/70. 
The cultivars with the highest grain yields averaged across locations were RT XP753, 
RT 7311 CL, RT 7801, RT XP760, RT Gemini 214 CL, RT 7321 FP, and RT 7521 FP. 
Cultivars with the highest milling yields included CL172, ARoma 17, CL153, CLL15, 
and PVL01. 
Introduction
One goal of the University of Arkansas System Division of Agriculture is to of-
fer a complete production package to producers when southern U.S. rice cultivars are 
released, including grain and milling yield potential, disease reactions, fertilizer recom-
mendations, and Degree-Day 50 (DD50) Program thresholds. Factors that can influence 
grain yield potential include: seeding date, soil fertility, water quality and management, 
disease pressure, weather events, and cultural management practices.
Rice disease can be a major factor in the profitability of any rice field in Arkansas. 
Host-plant resistance, optimum farming practices, and fungicides (when necessary based 
on integrated pest management practices) are the best line of defense we have against 
these profit robbing diseases. The use of resistant cultivars, combined with optimum 
cultural practices, provide growers with the opportunity to maximize profit at the lowest 
disease control expense by avoiding the use of costly fungicide applications.
1 Program Technician, Program Associate III, Program Technician, Program Associate I, and Rice Exten-
sion Agronomist, respectively, Department of Crop, Soil, and Environmental Sciences, Stuttgart.
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New rice cultivars are developed and evaluated each year at the University of 
Arkansas System Division of Agriculture under controlled experiment station condi-
tions. A large set of data on grain yield, grain quality, plant growth habit, and major 
disease resistance is collected during this process. Unfortunately, the data set under 
these conditions is not complete for many of the environments where rice is grown in 
Arkansas because potential problems may not be evident in nurseries grown on experi-
ment stations. With information obtained from field research coupled with knowledge 
of a particular field history, growers can select the cultivar that offers the highest yield 
potential for their particular situation. The Producer Rice Evaluation Program (PREP) 
was designed to better address the many risks faced by newly released cultivars across 
the rice-growing regions of Arkansas. The on-farm evaluation of new and commercial 
cultivars provides better information on disease development, lodging, grain yield 
potential, and milling yield under different environmental conditions and crop man-
agement practices. These studies also provide a hands-on educational opportunity for 
county agents, consultants, and producers.
The objectives of the PREP include: 1) to compare the yield potential of commer-
cially available cultivars and advanced experimental lines under commercial production 
field conditions; 2) to monitor disease pressure in the different regions of Arkansas; and 
3) to evaluate the performance of rice cultivars under those conditions not commonly 
observed on experiment stations.
Procedures
Field studies were located in Craighead, Crittenden, Lonoke, Perry, Poinsett, 
Prairie, Randolph, St Francis, White and Woodruff counties during the 2018 growing 
season. Twenty-five cultivars were selected for evaluation in the on-farm tests. Non-
Clearfield entries evaluated during 2018 included ARoma 17, ARX7-1084, Diamond, 
Jupiter, LaKast, RT XP753, RT XP760, RT 7801, RT 7501, Roy J, and Titan. Clearfield 
lines included CL151, CL153, CL172, CL272, CLL15, CLM04, CLX5-4083, CLX6-
1133, RT 7311 CL, RT CLXL745, RT Gemini 214 CL. FullPage lines were RT 7321 
FP and RT 7521 FP. A single Provisia rice line, PVL01, was included.
Plots were 8 rows (7.5-in. spacing) wide and 16.5-ft in length arranged in a ran-
domized complete block design with four replications. Pure-line cultivars (varieties) 
were seeded at a rate of approximately 30 seeds/ft2 (loam soil) or 36 seeds/ft2 (clay soil), 
while hybrids were seeded at a rate of 10.3 seeds/ft2 (loam soil) or 12.4 seeds/ft2 (clay 
soil). Trials were seeded on 11 April (Craighead & Woodruff), 18 April (Prairie), 19 
April (Lonoke), 20 April (Poinsett), 2 May (Randolph & White), 3 May (Crittenden), 5 
May (Perry), and 15 May (St Francis). Since these experiments contain cultivars tolerant 
to different herbicides, all plots were managed as conventional cultivars.
Plots were managed by the grower with the rest of the field in regard to fertilization, 
irrigation, and weed and insect control, but in most cases did not receive a fungicide 
application. If a fungicide was applied, it was considered in the disease ratings. Plots 
were inspected periodically and rated for disease. Percent lodging notes were taken 
immediately prior to harvest. At maturity, the center four rows of each plot were har-
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vested, the moisture content and weight of the grain were determined, and a subsample 
of harvested grain was removed for milling purposes. Grain yields were adjusted to 
12% moisture and reported on a bushels per acre (bu./ac) basis. A bushel weighs 45 lb. 
The dried rice was milled to obtain percent head rice (%HR, whole kernels) and percent 
total white rice (%TR) to provide a milling yield expressed as %HR/%TR. Data were 
analyzed using analysis of variance, PROC GLM, SAS v. 9.4 (SAS Institute, Inc., Cary, 
N.C.) with means separated using Fisher’s least significant difference test (P = 0.05).
Results and Discussion
All cultivars were represented at all locations during the 2018 growing season. 
A summary of the results by county and date of seeding is presented in Table 1. Across 
counties, the grain yield averaged 202 bu./ac. Cultivars RT XP753 and RT 7501 were 
the highest-yielding followed by RT 7801, RT 7311 CL, RT Gemini 214 CL, and RT 
XP760. Cultivars with the highest milling yields included CL153, CL172, ARoma 17, 
and PVL01.
In the Craighead Co. trial, the grain yield averaged 211 bu./ac across all cultivars 
(Table 2). The highest yielding entries were RT XP753, RT 7311 CL, RT 7321 FP, RT 
7801, and CLM04. Lodging was notable for several entries including RT CLXL745, 
RT 7521 FP, RT 7501, RT XP760, and RT 7311 CL. The entries with the highest milling 
yields included ARoma 17, CL153, RT CLXL745, and CLL15.
In the Crittenden Co. trial, the grain yield for the cultivars averaged 225 bu./
ac (Table 3). Crittenden Co. was the highest yielding trial in 2018. The highest yield-
ing cultivars were RT 7801, RT XP753, RT 7501, and Roy J. Notable lodging was 
observed for CL151, CLX6-1133, and RT Gemini 214 CL. Cultivar CL151 had the 
highest percent lodging at this location. Percent head rice averaged 62% at Crittenden 
Co. during 2018. The highest-yielding entries for %HR were Jupiter, CL272, CL151, 
CL153, CL172 and ARoma 17.
In the Lonoke Co. trial, RT XP760, RT XP753, RT 7521 FP, and RT 7311 CL 
were the highest-yielding cultivars (Table 4). Notable lodging occurred for RT 7501, 
RT 7801, RT 7311 CL, RT CLXL745, CL151, CL272, and LaKast. The highest entries 
for %HR were Jupiter, CLM04, CL272, and CL153.
The Perry Co. trial average grain yield for the cultivars was 214 bu./ac (Table 
5). Cultivars with the highest grain yield included RT 7311 CL, RT XP753, RT 7321 
FP, and RT 7501. Highest %HR was noted for ARoma 17, CL172, and RT XP760. 
Notable lodging occurred for CLX6-1133, RT 7801, CL151, LaKast, CLX5-4083, RT 
7501, and ARX7-1084.
In the Poinsett Co. trial, RT 7501, RT 7801, RT XP753, RT Gemini 214 CL, and 
RT XP760 were the highest yielding cultivars and the average yield for the location was 
157 bu./ac (Table 6). Poinsett Co. had the lowest grain yield average of the 10 trial loca-
tions. Cultivars with the highest %HR included CL172, CL153, ARoma 17, and Jupiter.
The highest yielding cultivars in the Prairie Co. trial were RT 7501, RT Gemini 
214 CL, RT 7521 FP, RT XP760, and RT CLXL745 (Table 7). The cultivars at this 
location had an average grain yield of 196 bu./ac. Percent head rice in Prairie Co. trial 
355
  B.R. Wells Arkansas Rice Research Studies 2018
during 2018 was highest for ARoma 17, CL153, RT CLXL745, RT 7321 FP, and RT 
7521 FP. There was no lodging to report at the Prairie Co. location.
Grain yield averaged 194 bu./ac across all the cultivars in the Randolph Co. trial 
(Table 8). The highest yielding cultivars in Randolph Co. were RT 7801, RT 7501, 
RT XP753, RT CLXL745, and RT 7311 CL. CLX6-1133, CL172, and PVL01 had the 
highest %HR in Randolph Co. Milling yields were notably low at this location due to 
delayed harvest.
Cultivars RT Gemini 214 CL, RT 7321 FP, RT 7801, RT XP753, and CLM04 
were the highest yielding in the St Francis Co. trial (Table 9). The cultivars at this 
location averaged 172 bu./ac during 2018. Cultivars PVL01, CLL15, and CL172 had 
the highest %HR of 58%.
In the White Co. trial, the average grain yield across all cultivars was 217 bu./ac 
(Table 10). Cultivars RT Gemini 214 CL, RT 7501, RT 7321 FP, RT XP753, and RT 
7311 CL were the highest grain yielding. No lodging was noted for this location. The 
medium-grain CL272, Titan, Jupiter, and the long-grain CL151 had the highest %HR 
in the White Co. trial.
Cultivars RT XP753, RT 7501, RT 7801, and RT Gemini 214 CL were the highest 
yielding in Woodruff Co. trial (Table 11).  No lodging was noted at this location and the 
highest %HR was recorded for CL153, Titan, CL272, and ARoma 17.
Monitoring cultivar response to disease presence and the severity of reactions is 
a significant part of this program. The observations obtained from these plots are often 
the basis for disease ratings developed for use by growers (Table 12). This is particularly 
true for minor diseases that may not be encountered frequently, such as narrow brown 
leaf spot, false smut, and kernel smut.
Yield variability among the study sites represents differences in environments and 
management practices, but also susceptibility to lodging and disease pressure present 
at individual locations. 
Significance of Findings
The 2018 Producer Rice Evaluation Program provided additional data to the rice 
breeding and disease resistance programs. The program also provided supplemental 
performance and disease reaction data on new cultivars that will be more widely grown 
in Arkansas during 2019.  
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Table 1. Results of the Producer Rice Evaluation Program (PREP) at 10 locations during 2018. 
Cultivar 
Grain 
lengtha Lodging Moisture 
Milling 
yieldb 
Grain yield by location & planting date 
Craighead Crittenden Lonoke 
4/11 5/3 4/19 
  % % %HR/%TR ----------------------bu./ac--------------------- 
Diamond L 2.5 16.0 53/70 197 245 210 
LaKast L 9.5 15.1 55/71 219 230 192 
Roy J L 0.0 16.4 55/71 206 260 209 
ARX7-1084 L 7.2 16.2 53/70 203 216 213 
Titan M 0.3 16.2 51/70 228 230 194 
Jupiter M 2.0 17.6 53/69 181 238 193 
CL272 M 0.0 15.7 50/70 223 225 187 
CLM04 M 9.2 16.2 52/70 234 227 203 
CL151 L 16.7 15.7 54/70 193 112 211 
CL153 L 0.0 15.2 58/71 218 231 201 
CL172 L 0.0 15.7 58/70 202 193 182 
CLL15 L 2.5 15.7 57/71 192 235 217 
CLX5-4083 L 7.2 15.2 52/70 218 226 213 
CLX6-1133 L 29.9 17.1 56/69 149 130 185 
PVL01 L 0.7 15.5 56/70 150 219 200 
RT 7311 CL L 10.0 14.3 51/71 249 242 251 
RT 7321 FP L 7.4 14.8 50/71 245 247 214 
RT 7521 FP L 12.3 15.2 54/70 232 231 256 
RT CLXL745 L 24.4 15.1 54/71 194 213 239 
RT Gemini 214 CL L 17.8 15.0 53/71 221 217 248 
RT 7501 L 18.8 16.3 54/71 219 271 225 
RT 7801 L 19.1 16.1 51/70 241 285 222 
RT XP753 L 0.4 14.5 52/72 256 280 258 
RT XP760 L 14.8 15.4 54/70 222 242 261 
ARoma 17 LA 3.0 15.7 58/71 175 184 157 
Mean -- 8.7 15.7 54/70 211 225 214 
LSD0.05c -- 8.4 0.7 1.9/0.4 33.0 44.9 33.0 
 
continued
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Table 1. Continued. 
Cultivar 
Grain yield by location and planting date 
Perry Poinsett Prairie Randolph St Francis White Woodruff 
Meand 5/10 4/20 4/18 5/2 5/14 5/2 4/11 
 ------------------------------------------------------------bu./ac------------------------------------------------------------ 
Diamond 220 167 185 198 185 207 199 202 
LaKast 199 155 208 201 154 196 214 196 
Roy J 212 146 183 183 167 205 191 196 
ARX7-1084 174 161 188 194 163 200 204 192 
Titan 223 170 216 203 175 237 228 209 
Jupiter 232 155 183 193 167 228 222 199 
CL272 204 161 174 187 173 194 208 194 
CLM04 210 151 200 201 192 220 205 204 
CL151 179 129 172 193 160 200 204 175 
CL153 197 132 135 176 148 213 199 185 
CL172 196 133 159 180 155 171 176 175 
CLL15 194 141 191 189 172 209 218 196 
CLX5-4083 173 130 206 162 155 198 194 187 
CLX6-1133 126 113 159 172 160 195 173 157 
PVL01 170 120 168 160 119 187 179 167 
RT 7311 CL 264 179 202 208 191 237 249 228 
RT 7321 FP 256 153 215 198 196 255 245 222 
RT 7521 FP 248 174 229 193 187 232 228 221 
RT CLXL745 235 152 223 209 177 220 233 210 
RT Gemini 214 CL 244 191 234 198 198 260 250 226 
RT 7501 250 207 241 224 184 257 256 233 
RT 7801 214 203 216 224 192 234 251 228 
RT XP753 262 191 218 219 192 239 270 238 
RT XP760 227 190 228 196 187 244 231 223 
ARoma 17 216 132 178 183 149 181 163 172 
Mean 214 157 196 194 172 217 216 202 
LSD0.05c 37.4 17.7 31.8 27.7 20.6 17.1 14.0 9.4 
a Grain length: L = long grain; LA = long grain aromatic; M = medium grain. 
b %HR/%TR = % head rice / % total white rice. 
c Least significant difference. 
d Mean grain yield by cultivar and location. 
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Table 2. Results of Craighead Co. Producer Rice Evaluation Program (PREP) 
Trial during 2018. Planted 11 April. Harvested 11 September. 
Cultivar 
Grain 
lengtha Lodging Moisture 
Grain 
yield Milling yieldb 
  (%) (%) (bu./ac) (%HR/%TR) 
Diamond L 0.0 18.7 197 57/68 
LaKast L 0.0 17.0 219 58/71 
Roy J L 0.0 18.8 206 56/70 
ARX7-1084 L 0.0 17.5 203 58/70 
Titan M 0.0 19.1 228 52/70 
Jupiter M 0.0 24.1 181 38/69 
CL272 M 0.0 19.5 223 44/70 
CLM04 M 7.5 17.2 234 45/70 
CL151 L 0.0 18.3 193 58/70 
CL153 L 0.0 16.5 218 61/70 
CL172 L 0.0 16.7 202 59/69 
CLL15 L 0.0 16.8 192 60/70 
CLX5-4083 L 0.0 16.5 218 59/70 
CLX6-1133 L 0.0 20.0 149 57/70 
PVL01 L 0.0 18.8 150 57/69 
RT 7311 CL L 20.0 14.9 249 57/71 
RT 7321 FP  L 12.5 16.6 245 59/71 
RT 7521 FP L 60.0 21.2 232 59/71 
RT CLXL745 L 80.0 19.3 194 60/72 
RT Gemini 214 CL L 72.5 16.5 221 59/71 
RT 7501 L 40.0 21.9 219 57/71 
RT 7801 L 2.5 17.2 241 56/70 
RT XP753  L 0.0 15.5 256 58/72 
RT XP760 L 27.5 17.2 222 59/71 
ARoma 17 LA 0.0 18.4 175 61/71 
Mean -- 15.2 18.1 211 56/70 
LSD0.05c -- 23.8 5.0 33.0 2.6/0.7 
a Grain length: L = long grain; LA = long grain aromatic; M = medium grain. 
b %HR/%TR = % head rice/% total white rice. 
c Least significant difference. 
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Table 3. Results of Crittenden Co. Producer Rice Evaluation Program (PREP) 
Trial during 2018. Planted May 3. Harvested September 18. 
Cultivar 
Grain 
lengtha Lodging Moisture 
Grain 
yield Milling yieldb 
  (%) (%) (bu./ac) (%HR/%TR) 
Diamond L 0.0 14.8 245 59/71 
LaKast L 0.0 14.6 230 63/73 
Roy J L 0.0 15.7 260 64/73 
ARX7-1084 L 0.0 17.9 216 63/72 
Titan M 0.0 17.5 230 59/71 
Jupiter M 20.0 18.6 238 68/72 
CL272 M 0.0 14.7 225 65/72 
CLM04 M 0.0 16.8 227 61/72 
CL151 L 61.2 17.7 112 64/72 
CL153 L 0.0 16.0 231 64/72 
CL172 L 0.0 15.2 193 64/71 
CLL15 L 0.0 17.4 235 64/73 
CLX5-4083 L 0.0 17.4 226 60/72 
CLX6-1133 L 72.5 18.7 130 62/71 
PVL01 L 0.0 14.4 219 62/72 
RT 7311 CL L 17.5 15.0 242 63/73 
RT 7321 FP L 0.0 14.6 247 60/73 
RT 7521 FP  L 7.5 14.4 231 62/72 
RT CLXL745 L 0.0 15.8 213 62/73 
RT Gemini 214 CL L 37.5 16.7 217 61/72 
RT 7501 L 22.5 18.3 271 62/71 
RT 7801 L 25.0 17.0 285 59/73 
RT XP753  L 0.0 15.4 280 62/74 
RT XP760 L 17.5 17.2 242 61/72 
ARoma 17 LA 0.0 16.5 184 64/72 
Mean -- 13.4 16.3 225 62/72 
LSD0.05c -- 34.9 2.9 44.9 4.4/ 
a Grain length: L = long grain; LA = long grain aromatic; M = medium grain. 
b %HR/%TR = % head rice/% total white rice. 
c Least significant difference. 
 
  AAES Research Series 659
360
Table 4. Results of Lonoke Co. Producer Rice Evaluation Program (PREP)  
Trial during 2018. Planted 19 April. Harvested 4 September. 
Cultivar 
Grain 
lengtha Lodging Moisture 
Grain 
yield Milling yieldb 
  (%) (%) (bu./ac) (%HR/%TR) 
Diamond L 5.0 16.8 210 58/70 
LaKast L 25.0 14.5 192 59/71 
Roy J L 0.0 18.9 209 57/70 
ARX7-1084 L 15.0 17.9 213 58/69 
Titan M 0.0 16.1 194 60/70 
Jupiter M 0.0 18.7 193 65/69 
CL272 M 25.0 15.1 187 63/70 
CLM04 M 0.0 16.8 203 65/70 
CL151 L 25.0 15.3 211 62/70 
CL153 L 0.0 14.5 201 63/70 
CL172 L 0.0 17.0 182 62/69 
CLL15 L 0.0 15.5 217 60/70 
CLX5-4083 L 5.0 14.0 213 58/70 
CLX6-1133 L 23.7 16.4 185 61/69 
PVL01 L 0.0 16.4 200 60/70 
RT 7311 CL L 47.5 14.0 251 54/69 
RT 7321FP  L 0.0 14.9 214 54/70 
RT 7521 FP L 0.0 14.5 256 57/69 
RT CLXL745 L 47.5 14.1 239 56/70 
RT Gemini 214 CL L 0.0 15.7 248 58/70 
RT 7501 L 50.0 17.4 225 60/70 
RT 7801 L 47.5 17.2 222 56/70 
RT XP753  L 0.0 14.4 258 61/72 
RT XP760 L 22.5 16.6 261 58/70 
ARoma 17 LA 0.0 16.2 157 61/70 
Mean -- 13.5 15.9 214 59/70 
LSD0.05c -- 43.6 1.5 33.0 3.1/1.2 
a Grain length: L = long grain; LA = long grain aromatic; M = medium grain. 
b %HR/%TR = % head rice/% total white rice. 
c Least significant difference. 
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Table 5. Results of Perry Co. Producer Rice Evaluation Program (PREP) 
Trial during 2018. Planted 10 May. Harvested 21 October. 
Cultivar 
Grain 
lengtha Lodging Moisture 
Grain 
yield Milling yieldb 
  (%) (%) (bu./ac) (%HR/%TR) 
Diamond L 20.0 17.6 220 47/67 
LaKast L 70.0 16.8 199 49/68 
Roy J L 0.0 19.0 212 52/70 
ARX7-1084 L 57.0 19.2 174 45/67 
Titan M 2.5 16.7 223 36/66 
Jupiter M 0.0 16.6 232 45/68 
CL272 M 2.5 16.4 204 32/68 
CLM04 M 49.5 17.8 210 38/68 
CL151 L 70.0 16.2 179 45/66 
CL153 L 0.0 17.5 197 48/68 
CL172 L 0.0 18.2 196 54/67 
CLL15 L 24.5 18.0 194 51/69 
CLX5-4083 L 67.0 16.3 173 46/68 
CLX6-1133 L 100.0 24.2 126 49/68 
PVL01 L 7.5 16.7 170 46/67 
RT 7311 CL L 5.0 15.5 264 42/68 
RT 7321 FP L 0.0 15.8 256 44/68 
RT 7521 FP L 45.0 16.4 248 52/70 
RT CLXL745 L 0.0 17.8 235 47/68 
RT Gemini 214 CL L 37.5 15.7 244 49/70 
RT 7501 L 62.5 18.1 250 52/69 
RT 7801 L 99.0 20.0 214 51/69 
RT XP753  L 3.7 15.0 262 47/71 
RT XP760 L 45.0 17.7 227 53/70 
ARoma 17 LA 30.0 17.0 216 57/70 
Mean -- 31.9 17.4 214 47/68 
LSD0.05c -- 42.5 2.1 37.4 7.4/2.2 
a Grain length: L = long grain; LA = long grain aromatic; M = medium grain. 
b %HR/%TR = % head rice/% total white rice. 
c Least significant difference. 
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Table 6. Results of Poinsett Co. Producer Rice Evaluation Program (PREP) 
Trial during 2018. Planted 20 April. Harvested 8 October. 
Cultivar 
Grain 
lengtha Lodging Moisture 
Grain 
yield Milling yieldb 
  (%) (%) (bu./ac) (%HR/%TR) 
Diamond L 0.0 12.3 167 47/69 
LaKast L 0.0 12.8 155 47/70 
Roy J L 0.0 12.3 146 47/70 
ARX7-1084 L 0.0 12.3 161 43/70 
Titan M 0.0 12.5 170 38/69 
Jupiter M 0.0 12.9 155 50/69 
CL272 M 0.0 13.0 161 34/69 
CLM04 M 0.0 12.7 151 42/69 
CL151 L 0.0 12.6 129 45/68 
CL153 L 0.0 12.8 132 51/70 
CLL15 L 0.0 12.4 141 49/70 
CL172 L 0.0 12.5 133 52/69 
CLX5-4083 L 0.0 12.0 130 42/69 
CLX6-1133 L 20.0 12.4 113 49/69 
PVL01 L 0.0 12.6 120 47/68 
RT 7311 CL L 10.0 12.1 179 43/70 
RT 7321 FP L 61.2 14.2 153 37/71 
RT 7521 FP L 10.0 13.1 174 46/70 
RT CLXL745 L 48.7 12.7 152 44/70 
RT Gemini 214 CL L 30.0 13.0 191 46/71 
RT 7501 L 0.0 11.7 207 47/70 
RT 7801  L 17.5 12.1 203 42/70 
RT XP753  L 0.0 12.3 191 40/71 
RT XP760 L 35.0 12.0 190 46/70 
ARoma 17 LA 0.0 12.6 132 51/69 
Mean -- 9.3 12.6 157 45/70 
LSD0.05c -- 31.4 1.0 17.7 5.8/0.8 
a Grain length: L = long grain; LA = long grain aromatic; M = medium grain. 
b %HR/%TR = % head rice/% total white rice. 
c Least significant difference. 
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Table 7. Results of Prairie Co. Producer Rice Evaluation Program (PREP) 
Trial during 2018. Planted 18 April. Harvested 1 September. 
Cultivar 
Grain 
lengtha Lodging Moisture 
Grain 
yield Milling yieldb 
  (%) (%) (bu./ac) (%HR/%TR) 
Diamond L 0.0 14.1 185 56/69 
LaKast L 0.0 14.9 208 57/70 
Roy J L 0.0 16.0 183 55/69 
Titan M 0.0 15.5 216 51/70 
ARX7-1084 L 0.0 15.2 188 58/70 
Jupiter M 0.0 17.0 183 38/69 
CL272 M 0.0 16.4 174 44/69 
CLM04 M 0.0 15.6 200 44/70 
CL151 L 0.0 15.4 172 58/70 
CL153 L 0.0 15.6 135 60/70 
CL172 L 0.0 15.8 159 58/69 
CLL15 L 0.0 14.3 191 59/70 
CLX5-4083 L 0.0 15.8 206 58/70 
CLX6-1133 L 0.0 15.7 159 58/69 
PVL01 L 0.0 13.8 168 57/68 
RT 7311 CL L 0.0 15.9 202 56/70 
RT 7321 FP  L 0.0 14.8 215 59/71 
RT 7521 FP L 0.0 13.5 229 59/70 
RT CLXL745 L 0.0 15.5 223 60/71 
RT Gemini 214 CL L 0.0 13.2 234 58/70 
RT 7501 L 0.0 15.2 241 56/70 
RT 7801 L 0.0 15.9 216 56/69 
RT XP753  L 0.0 14.2 218 58/71 
RT XP760 L 0.0 13.3 228 58/70 
ARoma 17 LA 0.0 14.5 178 60/70 
Mean -- -- 15.0 196 56/70 
LSD0.05c -- -- 1.9 31.8 2.6/0.7 
a Grain length: L = long grain; LA = long grain aromatic; M = medium grain. 
b %HR/%TR = % head rice/% total white rice. 
c Least significant difference. 
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Table 8. Results of Randolph Co. Producer Rice Evaluation Program (PREP) 
Trial during 2018. Planted 2 May. Harvested 2 October. 
Cultivar 
Grain 
lengtha Lodging Moisture 
Grain 
yield Milling yieldb 
  (%) (%) (bu./ac) (%HR/%TR) 
Diamond L 0.0 11.4 198 37/71  
LaKast L 0.0 11.7 201 43/70 
Roy J L 0.0 11.2 183 41/71 
ARX7-1084 L 0.0 11.3 194 31/70 
Titan M 0.0 11.5 203 22/71 
Jupiter M 0.0 11.5 193 34/69 
CL272 M 0.0 11.5 187 28/70 
CLM04 M 22.5 11.6 201 30/71 
CL151 L 0.0 11.1 193 36/70 
CL153 L 0.0 11.1 176 45/71 
CL172 L 0.0 11.3 180 49/71 
CLL15 L 0.0 11.4 189 42/71 
CLX5-4083 L 0.0 10.7 162 30/71 
CLX6-1133 L 25.0 11.4 172 50/70 
PVL01 L 0.0 11.5 160 48/70 
RT 7311 CL L 0.0 11.0 208 31/71 
RT 7321 FP L 0.0 11.5 198 28/70 
RT 7521 FP L 0.0 11.3 193 34/70 
RT CLXL745 L 12.5 11.8 209 35/71 
RT Gemini 214 CL L 0.0 11.1 198 33/70 
RT 7501 L 0.0 10.8 224 30/70 
RT 7801  L 0.0 10.9 224 22/70 
RT XP753  L 0.0 11.4 219 31/71 
RT XP760 L 0.0 11.4 196 37/70 
ARoma 17 LA 0.0 11.3 183 46/70 
Mean -- 2.4 11.3 194 36/71 
LSD0.05c -- 20.4 0.5 27.7 5.6/1.3 
a Grain length: L = long grain; LA = long grain aromatic; M = medium grain. 
b %HR/%TR = % head rice/% total white rice. 
c Least significant difference. 
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Table 9. Results of St Francis Co. Producer Rice Evaluation Program (PREP) 
Trial during 2018. Planted 14 May. Harvested 21 October. 
Cultivar 
Grain 
lengtha Lodging Moisture 
Grain 
yield Milling yieldb 
  (%) (%) (bu./ac) (%HR/%TR) 
Diamond L 0.0 14.8 185 51/70 
LaKast L 0.0 14.5 154 57/71 
Roy J L 0.0 14.2 167 56/71 
ARX7-1084 L 0.0 13.5 163 54/71 
Titan M 0.0 14.4 175 47/70 
Jupiter M 0.0 15.0 167 38/69 
CL272 M 0.0 13.9 173 39/69 
CLM04 M 12.5 14.3 192 45/70 
CL151 L 10.0 14.6 160 51/70 
CL153 L 0.0 14.0 148 55/70 
CL172 L 0.0 13.8 155 58/70 
CLL15 L 0.0 14.1 172 58/70 
CLX5-4083 L 0.0 14.4 155 53/70 
CLX6-1133 L 0.0 14.5 160 57/69 
PVL01 L 0.0 13.6 119 58/71 
RT 7311 CL L 0.0 13.5 191 49/70 
RT 7321 FP L 0.0 14.7 196 47/70 
RT 7521 FP L 0.0 13.7 187 54/70 
RT CLXL745 L 0.0 13.7 177 53/71 
RT Gemini 214 CL L 0.0 13.6 198 53/70 
RT 7501 L 12.5 14.1 184 51/70 
RT 7801  L 0.0 14.0 192 46/69 
RT XP753  L 0.0 13.4 192 47/70 
RT XP760 L 0.0 13.5 187 54/70 
ARoma 17 LA 0.0 14.1 149 57/71 
Mean -- 1.4 14.1 172 51/70 
LSD0.05c -- 11.4 1.1 20.6 10.2/1.3 
a Grain length: L = long grain; LA = long grain aromatic; M = medium grain. 
b %HR/%TR = % head rice/% total white rice. 
c Least significant difference. 
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Table 10. Results of White Co. Producer Rice Evaluation Program (PREP) 
Trial during 2018. Planted 2 May. Harvested 4 September. 
Cultivar 
Grain 
lengtha Lodging Moisture 
Grain 
yield Milling yieldb 
  (%) (%) (bu./ac) (%HR/%TR) 
Diamond L 0.0 17.1 207 61/72 
LaKast L 0.0 15.6 196 63/72 
Roy J L 0.0 17.2 205 62/73 
ARX7-1084 L 0.0 16.1 200 60/70 
Titan M 0.0 19.7 237 66/72 
Jupiter M 0.0 20.7 228 65/70 
CL272 M 0.0 19.1 194 67/73 
CLM04 M 0.0 19.3 220 64/71 
CL151 L 0.0 16.8 200 65/73 
CL153 L 0.0 16.6 213 64/73 
CL172 L 0.0 17.3 171 64/72 
CLL15 L 0.0 17.1 209 62/72 
CLX5-4083 L 0.0 16.1 198 61/72 
CLX6-1133 L 0.0 18.2 195 60/70 
PVL01 L 0.0 17.3 187 63/72 
RT 7311 CL L 0.0 16.1 237 60/72 
RT 7321 FP L 0.0 14.9 255 61/73 
RT 7521 FP L 0.0 16.3 232 61/72 
RT CLXL745 L 0.0 14.8 220 61/72 
RT Gemini 214 CL L 0.0 16.8 260 61/71 
RT 7501 L 0.0 16.5 257 62/72 
RT 7801  L 0.0 17.5 234 61/71 
RT XP753  L 0.0 15.3 239 61/73 
RT XP760 L 0.0 16.5 244 60/72 
ARoma 17 LA 0.0 17.1 181 64/73 
Mean -- -- 17.0 217 62/72 
LSD0.05c -- -- 0.8 17.1 2.2/1.1 
a Grain length: L = long grain; LA = long grain aromatic; M = medium grain. 
b %HR/%TR = % head rice/% total white rice. 
c Least significant difference. 
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Table 11. Results of Woodruff Co. Producer Rice Evaluation Program (PREP) 
Trial during 2018. Planted 18 April. Harvested 28 August. 
Cultivar 
Grain 
lengtha Lodging Moisture 
Grain 
yield Milling yieldb 
  (%) (%) (bu./ac) (%HR/%TR) 
Diamond L 0.0 21.6 199 57/68 
LaKast L 0.0 18.2 214 59/71 
Roy J L 0.0 20.8 191 55/69 
ARX7-1084 L 0.0 20.6 204 59/69 
Titan M 0.0 19.4 228 63/71 
Jupiter M 0.0 20.6 222 59/69 
CL272 M 0.0 17.3 208 63/71 
CLM04 M 0.0 19.9 205 61/70 
CL151 L 0.0 18.3 204 62/70 
CL153 L 0.0 17.9 199 64/71 
CL172 L 0.0 19.3 176 62/71 
CLL15 L 0.0 18.9 218 61/71 
CLX5-4083 L 0.0 19.1 194 59/70 
CLX6-1133 L 0.0 21.0 173 58/69 
PVL01 L 0.0 19.5 179 59/69 
RT 7311 CL L 0.0 16.0 249 59/71 
RT 7321 FP  L 0.0 15.4 245 59/71 
RT 7521 FP L 0.0 17.1 228 59/70 
RT CLXL745 L 0.0 16.5 233 61/71 
RT Gemini 214 CL L 0.0 17.1 250 56/70 
RT 7501 L 0.0 21.0 256 62/71 
RT 7801 L 0.0 19.3 251 57/70 
RT XP753  L 0.0 17.2 270 61/72 
RT XP760 L 0.0 17.9 231 57/70 
ARoma 17 LA 0.0 19.0 163 63/71 
Mean -- -- 18.6 216 60/70 
LSD0.05c -- -- 2.1 14.0 3.7/0.8 
a Grain length: L = long grain; LA = long grain aromatic; M = medium grain. 
b %HR/%TR = % head rice/% total white rice. 
c Least significant difference. 
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RICE CULTURE
Effect of Residue Management on Planting Readiness
M.L. Reba1, J.H. Massey1, M.A. Adviento-Borbe1, and J. Hardke2 
Abstract
In response to increased public scrutiny of rice straw burning after harvest, research 
was initiated to determine how post-harvest residue management impacts readiness-to-
plant. The objectives of the study were to: 1) determine how different combinations of 
burning and/or flooding and nitrogen (N) fertilization impact residue decomposition, 
and 2) quantify readiness-to-plant the following spring. The study was conducted on 
two 40-acre fields on a farm near McGehee, Arkansas. The management treatments 
were: burned/flooded, burned/non-flooded, unburned/flooded, and unburned/non-flooded 
each with and without additional N fertilizer application. The fertilizer was added to 
promote decomposition of the residue. Initial findings from the Fall 2017 to Spring 
2018 decomposition period suggest that flooding reduces residue by an additional 20% 
by the spring, but not nearly to the extent that was attained by burning alone. The final 
residue of the unburned plots were 4.2 and 2.5 times larger than burned plots for non-
flooded and flooded treatments, respectively. Our findings suggest that burning straw 
residue is still the most effective strategy to manage straw residue after harvest. Year 
2 of this two-year study is underway. 
Introduction
In response to increased public scrutiny of rice straw burning after harvest, research 
was initiated to determine how post-harvest residue management impacts readiness-to-
plant. The objectives of the study were to: 1) determine how different combinations of 
burning and/or flooding and nitrogen (N) fertilization impact residue decomposition, 
and 2) quantify readiness-to-plant the following spring.
Procedures
Two commercial, zero-grade rice fields were selected on a farm located near 
McGehee, Arkansas. Both fields were planted in the RiceTec hybrid CLXL745 (Rice-
1 Research Hydrologist, Research Agronomist, and Research Agronomist, respectively,  
USDA-Agricultural Research Service-Delta Water Management Research Unit (DWMRU), Jonesboro.
2 Rice Extension Agronomist, Department of Crop, Soil, and Environmental Science, Rice Research and 
Extension Center, Stuttgart.
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Tec, Inc., Alvin, Texas) during the 2017 production season. Field 1 was non-flooded 
and Field 2 was flooded. One-half of each field was burned in the fall, leaving four 
treatments-burned/flooded, burned/non-flooded, unburned/flooded, and unburned/non-
flooded. Each treatment was separated into 4 large plots of approximately 5 ac each, for 
a total of 16 plots (Fig. 1). Fields were identified as shown in Fig. 1 with field location, 
residue (R) or burned (B) treatment and replicate, and whether fertilizer was added or 
not. For example, 2B1 is field 2, burned, replicate 1, no fertilizer added. Nitrogen fer-
tilizer was applied to one-half of the study plots through randomization on 19 October 
2017 via ground-drive buggy at about 150 lb N/ac using a fertilizer blend ratio of 1.5 
lb urea:1.0 lb ammonium sulfate. The fertilizer N was added on the surface to promote 
decomposition of the residue.  
In each plot, a sensor station was deployed near the center. Each station included 
two soil moisture sensors (Acclima, Inc., Meridian, Idaho) installed at 1-in. and 3-in. 
below the soil surface, one soil temperature (Campbell Scientific, Logan, Utah) at 1-in. 
below the soil surface, and an ultrasonic sensor that measured water depth at 0-in. and 
6-in. below the soil surface. Each sensor collected data every 15 minutes and the data 
reported as 3-hour averages.
Four transects were established across each of the 16 plots as shown in Fig. 2. 
Along each of these transects, three randomly selected residue samples were collected 
from a 1 × 1 meter quadrat. Thus, a total of 12 residue samples were collected from 
each 5-ac plot. These residue samples, which included only straw as the grain had been 
harvested mechanically, measured above-ground biomass. Residue samples collected 
on 18–19 October 2017 were defined as the initial biomass and on 26–27 March 2018 
as the final biomass.  
In burned treatments, the entire residue from the one square meter was collected 
and weighed. In non-burned treatments where residue amounts were excessive, a 
subsample was taken following standard protocols and calculations (FAO, 2004). The 
subsample was converted into dry above ground biomass (BDW) using Eq. 1, 
  
𝐵𝐵"# =
𝑆𝑆"#
𝑆𝑆&#
'
𝐵𝐵&#
𝐴𝐴
) 
     
Eq. 1
where SDW was the subsample dry weight, SFW was the subsample fresh weight, 
BFW was the above ground biomass fresh weight and A was the harvest sample area 10.8 
ft2 (1 m2). The available burning biomass was calculated as an average of all samples. 
Residue samples were dried at 140 °F (60 °C) for at least 48 hours. 
The study is being repeated in the same fields for year 2 as were used in year 1. 
The same halves of the fields were burned in early October 2018 as were burned in 
2017. Fertilizer was not applied as was planned in late October 2018, as was done in 
2017, due to wet conditions.   
Readiness to plant in the spring of 2018 was evaluated qualitatively. Spatial varia-
tion of planting and yield will be analyzed geospatially when data files are available.
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Results and Discussion
Boards were installed in slotted-board risers for the flood-treatments on 17 De-
cember 2017 and removed on 27 February 2018. The average flood depth measured 
on the zero-grade fields was 6.3 in.  
Initial and final average biomass values are shown in Table 1. Straw residues left 
in the field after burning (initial) were statistically similar for both flooded and non-
flooded and fertilized and unfertilized field treatments. Initial biomass in the burned 
plots were 1812 ± 145 and 1834 ± 162 lb/ac for non-flooded and flooded, respectively. 
In contrast, straw residues were significantly larger in unburned plots when compared 
to burned plots. Residue in the unburned plots averaged 7121 ± 504 and 7715 ± 433 lb/ 
ac for the non-flooded and flooded treatments, respectively. These results also indicate 
that in an either burned or unburned field, the same amounts of straw residue were 
left in both flooded and non-flooded treatment prior to winter period. After the winter 
season, the amounts of residue were reduced in all straw management combinations. 
It was reduced by 20%, 1%, 15% and 41% in the burned/non-flooded, burned/flooded, 
unburned/non-flooded, and unburned/flooded treatments, respectively. However, the 
final residue of the unburned plots were 4.2 and 2.5 times larger than burned plots for 
non-flooded and flooded, respectively. Final residue amounts remaining in the flooded 
treatments were significantly different compared to non-flooded (P-value < 0.01; Table 
2). These results suggest that flooding reduced residue by an additional 20% compared 
to not flooding. However, flooding alone did not reduce residue to levels comparable to 
initial or final residue levels of the burned treatments. Our findings suggest that burning 
straw residue is still the most effective strategy to manage straw residue after harvest. 
The October 2017 application of N fertilizer made no difference in initial and 
final residue amounts regardless of treatment (data not shown). The N fertilizer may 
have been applied too late in the season to impact residue decomposition.  
Soil temperature was analyzed for the final 30 days of the study (21 February 
2018 to 21 March 2018; Table 3). Generally, the mean values were similar for all treat-
ments. However, the maximum and minimum values of the non-flooded plots were 
higher and lower, respectively, than the flooded plots. Within the non-flooded plots, 
this larger diurnal temperature swing was also evident when comparing burned and 
unburned plots (data not shown). 
The field halves that were not burned reduced rice stands early in the 2018 produc-
tion season. Some sections had to be replanted where the field was not burned due to 
poor stand establishment. Replanting increased costs due to the seed, chemical, equip-
ment time, and loss of yield. We will quantify spatial variation in stand establishment 
from 2018 and 2019 yield maps.
Significance of Findings
There is little data on the impact that residue management has on rice planting 
and yield. Increased public scrutiny of rice straw burning has forced this issue. Thus, 
quantifying the impact that residue management has on the readiness-to-plant of a suc-
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ceeding crop will give producers improved guidance on residue management options. 
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Fig. 1. Field layout for the rice straw residue decomposition study in winter 2017/2018.  
The residue was burned in the gray areas (B) and in the white areas, the residue was not 
burned (R).  Field 1 was not flooded and field 2 was flooded.  Fertilizer (FERT) was added 
to half of each of the plots to assess its impact on straw decomposition.
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Fig. 2. Depiction of residue sampling locations (denoted with circles) 
along transects (diagonal lines) and sensor station established in each plot.
Table 1. Straw and water treatment with initial and 
final biomass (lb/ac) with percent change. 
Treatment Biomass† (lb/ac) 
Straw Water Initial Final Percent change 
Burned Non-flood 1812 (145) b 1453 (123) c -20% 
Burned Flood 1834 (162) b 1820 (213) c -1% 
Unburned Non-flood 7121 (504) a 6072 (325) a -15% 
Unburned Flood 7715 (433) a 4545 (232) b -41% 
† Within each column for initial and final, straw biomass weights followed 
  by the same letter were not significantly different at P-level 0.05. 
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Table 2. Burned or flooded treatment with initial and final 
biomass (lb/ac) with percent change.   
 Biomass† (lb/ac) 
Treatment Initial Final Percent change 
Burned 1824c 1649 d -10% 
Unburned 7435a 5343 a -28% 
Non-flooded 4504a 3829 b -15% 
Flood 4775a 3116 c -35% 
† Within each column for initial and final, straw biomass weights 
   followed by same letter were not significantly different 
   at P-level 0.05. 
 
Table 3. Straw and water treatment with temperature during the last 30 
days of study (21 February to 21 March 2018).   
Treatment Temperature (oF) 
Straw Water Mean SE MAX MIN 
Burned Non-flood 56.64 32.31 75.18 38.93 
Burned Flood 57.25 32.18 70.59 42.13 
Unburned Non-flood 56.39 32.20 71.87 40.24 
Unburned Flood 57.00 32.18 71.29 42.28 
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RICE CULTURE
Late-Season Nitrogen Fertilizer Application to Hybrid Rice
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Abstract
Hybrid rice cultivars have accounted for approximately 40% of harvested rice acres 
in Arkansas in recent years. The current University of Arkansas System Division of 
Agriculture’s Cooperative Extension Service recommendation for hybrid cultivars, in 
addition to preflood nitrogen (N) fertilizer, is for 30 lb N/ac, termed late-boot N fertil-
izer, to be applied between late boot and beginning heading in order to reduce lodging 
and enhance grain and milling yields. To determine the validity of this recommendation 
on current hybrid cultivars, a study was initiated to examine the effects of the late-
boot N application on the grain yield, milling yield, and lodging of two new hybrids. 
The RiceTec (RT) hybrids most commonly grown in Arkansas, RT CLXL745 and RT 
XP753, were seeded at three University of Arkansas System Division of Agriculture 
experiment centers/stations. Results of this study suggest that the late-boot N applica-
tion has a positive impact, relative to rice receiving no boot N, on milling yields of RT 
CLXL745 and RT XP753, often significantly increasing percent head rice. Percent total 
white rice was less impacted by the late-boot N application. Substantial lodging of RT 
CLXL745 occurred at two locations, while lodging of RT XP753 was minor and only 
at one location. Lodging was reduced numerically by the late-boot N application in 
all cases, but only significantly for RT CLXL745 at one location. Relative to no boot 
N, the late-boot N application significantly increased the grain yields of both cultivars 
at two locations by 9 to 17 bu./ac, while smaller, non-significant increases occurred 
at the other location. The potential benefits of a 30 lb N/ac late-boot N application to 
hybrids are apparent, but it will be important to collect more data to further understand 
and clarify the statistical relationship of the late-boot N application on lodging, milling 
yields, and grain yields of current hybrid rice cultivars. 
1 Program Associate I, Professor, Associate Professor, Professor, Graduate Assistant, and 
Graduate Assistant, respectively, Department of Crop, Soil, and Environmental Sciences, Fayetteville.
2 Program Associate III, Rice Extension Agronomist, Program Associate I, and Program Technician – 
Rice Agronomy, respectively, Department of Crop, Soil, and Environmental Sciences, Stuttgart.
3 Program Associate – Entomology, Department of Entomology, Stuttgart.
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Introduction
Hybrid rice cultivars have accounted for approximately 40% of harvested rice 
acres in Arkansas in recent years, with the two predominant hybrids, RiceTec’s (RT) 
CLXL745 and RT XP753, making up the majority of those hybrid acres since 2013 
(Hardke, 2015, 2017, 2018). While the management of preflood nitrogen (N) fertilizer 
is similar between currently grown hybrids and pure-line cultivars, the recommended 
amount and timing of a second N fertilizer application varies when using a two-way 
split N application method. A midseason application of 45 lb N/ac following begin-
ning internode elongation is recommended for pure-line cultivars, while a rate of 30 
lb N/ac, termed late-boot N, should be applied between late boot and beginning head-
ing for hybrid cultivars (Norman et al., 2013). The late-boot N application to hybrids 
typically results in reduced lodging and has potential to enhance grain (Norman et al., 
2006, 2007, 2008) and milling (Walker et al., 2008) yields. This current University of 
Arkansas System Division of Agriculture’s Cooperative Extension Service (CES) recom-
mendation is based on N-rate and distribution studies conducted over 10 years ago on 
hybrid cultivars that are no longer in production. In order to determine the validity of 
this recommendation on current hybrid cultivars, it is necessary to examine the effects 
of late-boot N application on grain yield, milling yield, and lodging of new hybrid rice 
cultivars. Therefore, a study, initiated in 2016, was continued in 2018 to determine the 
potential benefits of the late-boot N application to hybrid cultivars, as recommended 
by CES guidelines.
Procedures
The studies were conducted in 2018 at the University of Arkansas System Division 
of Agriculture’s Northeast Research and Extension Center (NEREC) near Keiser, Arkan-
sas, on a Sharkey clay; the Pine Tree Research Station (PTRS) near Colt, Arkansas, on a 
Calhoun silt loam; and the Rice Research and Extension Center (RREC) near Stuttgart, 
Arkansas, on a DeWitt silt loam. The RiceTec hybrids, RT CLXL745 and RT XP753, 
were drill-seeded at average rates of 22.8 and 27.5 lb seed/ac on the silt-loam and clay 
soils, respectively, in plots 8 rows (7.5-in. spacing) wide and 15.5 ft in length. Pertinent 
agronomic information for each location is shown in Table 1. Preflood N fertilizer, in 
the form of N-(n-butyl) thiophosphoric triamide (NBPT)-coated urea, was applied to a 
dry soil surface at the 4- to 5-leaf growth stage at each of the three locations. Preflood 
N rates of 90, 120, and 150 lb N/ac were used at the RREC and 130, 160, and 190 lb 
N/ac at the NEREC and the PTRS, based on differences in native-soil N availability 
at the locations and the CES recommendation to increase preflood N rates by 30 lb/
ac on clay soils (Norman et al., 2013). A flood was established one day after preflood 
N application on the silt-loam soils and three days after preflood N application on the 
clay soil at the NEREC and was maintained until the rice reached maturity. At the late-
boot growth stage, just prior to beginning heading, an additional treatment factor of 
either no N fertilizer or 30 lb N/ac as urea was implemented in all plots. The center four 
rows of each plot were harvested at maturity using a small-plot combine, the moisture 
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content and weight of grain were determined, and yields were calculated based on 12% 
moisture and a 45-lb bushel (bu.) weight. A subsample of grain from each plot was 
milled to determine percent head rice (%HR, whole kernels) and percent total white 
rice (%TR) to provide milling yields. At all three locations, each hybrid was arranged 
in a four-replicate, randomized complete block factorial design with three preflood 
N application rate treatments and two late-boot N application treatments. Analysis 
of variance was performed on the grain yield, lodging, and milling data using SAS v. 
9.4 (SAS Institute, Inc., Cary, N.C.). When necessary, differences among means were 
compared using Fisher’s protected least significant difference (LSD) procedure at a P 
= 0.05 probability level.
Results and Discussion
The interaction of preflood N fertilizer rate and late-boot N fertilizer application 
did not significantly impact grain yields, lodging, or milling yields of either hybrid 
cultivar at any of the three locations in 2018, but independent effects of preflood N rate 
and late-boot N application did occur. For the rice hybrid RT CLXL745, preflood N 
rate and late-boot N application both significantly impacted grain yield at the RREC, 
while only boot N affected grain yield at the NEREC, and neither factor influenced grain 
yield at the PTRS (Table 2). Preflood N application rate did not affect grain yields of RT 
CLXL745 at the NEREC or PTRS, where applications of 130 to 190 lb N/ac produced 
grain yields of 216 to 221 bu./ac at the NEREC and 240 to 248 bu./ac at the PTRS. At 
the RREC, the preflood N application of 150 lb N/ac to RT CLXL745 produced a grain 
yield of 238 bu./ac, which was significantly less than yields from applications of 90 
and 120 lb N/ac that did not differ and averaged 255 bu./ac. The decrease in yield of 
RT CLXL745 at the high preflood N rate at the RREC was likely the result of lodging, 
which amounted to 54% and was significantly greater than the 5% and 6% lodging rates 
for the low and medium preflood N rates, respectively. Lodging of RT CLXL745 also 
occurred at the NEREC, but was not significantly influenced by preflood N application 
rate. Late-boot N application, however, did significantly reduce lodging of RT CLXL745 
at the NEREC to 58%, compared to 83% lodged when no boot N was applied. Similarly, 
although not significant, lodging of RT CLXL745 was reduced from 27% to 17% by 
the late-boot N application at the RREC. Consistent with lodging results, the late-boot 
N application to RT CLXL745 significantly increased grain yields, relative to no boot 
N, at the NEREC and RREC by 14 and 13 bu./ac, respectively, while grain yields at 
the PTRS were not impacted by the late-boot N application.
Lodging of the hybrid RT XP753 only occurred at the NEREC and amounted to as 
much as 11%, but was not significantly impacted by preflood N fertilizer rate or late-boot 
N fertilizer application (Table 3). Grain yields of RT XP753, similar to RT CLXL745, 
were not influenced by preflood N rate at the NEREC and PTRS, where applications of 
130 to 190 lb N/ac produced grain yields of 262 to 275 bu./ac at the NEREC and 267 
to 279 bu./ac at the PTRS. At the RREC, the preflood N application of 150 lb N/ac to 
RT XP753 produced a grain yield of 283 bu./ac, which was significantly greater than 
yields from applications of 90 and 120 lb N/ac that did not differ and averaged 266 bu./
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ac. While the highest preflood N rate resulted in severe lodging and decreased grain 
yield when applied to RT CLXL745 at the RREC, the lodging resistance of RT XP753 
allowed the highest preflood N rate to increase grain yield, relative to the two lower 
preflood N rates. Similar to the results for RT CLXL745, the late-boot N application 
to RT XP753 significantly increased grain yields, relative to no boot N, at the NEREC 
and RREC by 17 and 9 bu./ac, respectively, while the 6 bu./ac increase at the PTRS 
was not significant. Although not significant, the reduction in lodging from 7% without 
boot N to 1% when late-boot N was applied to RT XP753 at NEREC is consistent with 
grain-yield trends, but the magnitude of difference, along with the grain yield response 
to boot N of RT XP753 where no lodging occurred, indicates a stronger effect of late-
boot N application on hybrid rice yields than that resulting from a reduction in lodging. 
For the hybrid RT CLXL745, preflood N fertilizer rate significantly impacted %HR 
and %TR at the PTRS, where %HR and %TR resulting from the low preflood N rate 
were significantly less than from medium and high preflood N rates, which did not differ 
in %HR and %TR (Table 4). Similarly, %HR and %TR of CLXL745 were improved by 
increasing preflood N rates at all locations in 2016 (Frizzell et al., 2017). Milling yields 
of RT CLXL745 at the NEREC and RREC were not impacted by preflood N rate in 
2018, similar to results at the PTRS in 2017, while %HR increased at the NEREC and 
RREC in 2017 as preflood N rates increased (Smartt et al., 2018). Late-boot N fertilizer 
application impacted milling yields of RT CLXL745 at all three locations in 2018. The 
application of 30 lb N/ac to RT CLXL745 at the late-boot growth stage, relative to no 
late-boot N, significantly increased %HR at the NEREC and RREC and %TR at the 
PTRS. Similarly, the late-boot N application improved %HR of RT CLXL745 at the 
NEREC and RREC in 2017, while not significantly impacting %TR. In 2016, the late-
boot N application improved %HR and %TR of RT CLXL745 at the RREC and %TR 
at the NEREC, while not impacting milling yields at the PTRS (Frizzell et al., 2017).
Preflood N fertilizer application rate significantly affected %HR of RT XP753 at 
all three locations in 2018, while %TR was not impacted at any location (Table 5). For 
RT XP753 at the NEREC, the high preflood N rate resulted in greater %HR than the low 
preflood N rate, while the medium preflood N rate did not differ from either. At the PTRS, 
%HR of RT XP753 increased with each increase in preflood N rate, while %HR at the 
RREC was greater at the high preflood N rate than the low and medium preflood N rates, 
which did not significantly differ. Similarly, in the 2016 and 2017 studies, %HR of RT 
XP753 was more responsive to preflood N than %TR was (Frizzell et al., 2017; Smartt 
et al., 2018). The late-boot N fertilizer application also significantly affected %HR of 
RT XP753, but did not impact %TR, at all locations in 2018. Relative to no late-boot N, 
the application of 30 lb N/ac to RT XP753 at the late-boot growth stage increased %HR 
by 4.1%, 1.2%, and 1.4% at the NEREC, PTRS, and RREC, respectively, in 2018. The 
positive impact on %HR of the late-boot N application to RT XP753 observed in this 
study is consistent with results of previous studies, while previous studies also reported 
an increase in %TR at times (Frizzell et al., 2017; Smartt et al., 2018).
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Significance of Findings
Results of this study indicate several potential benefits of a late-boot N fertilizer 
application to hybrid rice. Substantial lodging in 2018 only occurred in RT CLXL745 
at the NEREC and RREC, where the late-boot N application seemed to effectively 
reduce lodging and increase grain yields. The boot N application to RT XP753 at the 
RREC in 2018 also increased yield, but was not related to lodging, indicating potential 
grain-yield benefits of the application beyond that of reduced lodging. Further research 
will be necessary to clearly understand the relationship between a late-boot N appli-
cation, lodging, and grain yields in hybrid rice cultivars. The positive impact of the 
late-boot N application on milling yield was apparent in 2018, consistently resulting 
in increased %HR, relative to rice receiving no late-boot N application, although %TR 
was less responsive, only significantly increasing for RT CLXL745 at the PTRS. When 
averaged across preflood N fertilizer rates, the boot N application, relative to no boot 
N, resulted in statistically significant increases in the grain yields of RT CLXL745 and 
RT XP753 at the NEREC, improving yields by 14 and 17 bu./ac, respectively, and the 
RREC, improving yields by 13 and 9 bu./ac., respectively. Grain yields of either hybrid 
were not impacted by preflood N rate or boot N application at the PTRS in 2018. The 
late-boot N application increased grain yields of RT CLXL745 and RT XP753 by as 
much as 17 and 20 bu./ac, respectively, in 2017. Based on limited data collected from 
2016 to 2018, positive responses to the application of late-boot N to RT CLXL745 and 
RT XP753 do not always occur, but no negative impacts of the boot N application on 
lodging, grain yield, or milling yield have been observed. Generally, in recent studies, 
the late-boot N application has consistently reduced lodging, where it is problematic, 
and often resulted in greater grain yields and milling yields, relative to rice receiving 
no late-boot N. Collecting data from additional growing seasons and hybrid cultivars 
will be necessary to more clearly understand the impact of the late-boot N application 
on lodging, milling yields, and grain yields of hybrid rice.
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Table 1. Pertinent agronomic information for late-season N application studies at 
the University of Arkansas System Division of Agriculture’s Northeast Research 
and Extension Center (NEREC), Pine Tree Research Station (PTRS), and Rice 
Research and Extension Center (RREC) during 2018. 
Practices NEREC PTRS RREC 
Preplant fertilizer ---- 
60 lb P2O5/ac 
60 lb K2O/ac + 
10 lb Zn/ac 
60 lb P2O5/ac 
90 lb K2O/ac + 
10 lb Zn/ac 
Planting dates 3 May 19 April 30 April 
Herbicide spray 
dates and spray 
procedures 
5 May 
1.5 pt/ac Command 
+ 2 oz/ac Sharpen 
+  
32 oz/ac RoundUp 
+ 1 pt/ac surfactant 
5 April 
8 oz/ac 
Command + 20 
oz/ac Facet L 
30 April 
20 oz/ac Obey +  
1 gal/ac Stam 
Herbicide spray 
dates and spray 
procedures 
6 June 
4 qt/ac RiceBeaux 
 
5 May 
3 qt/ac propanil 
23 May 
24 oz/ac RiceStar + 22 
oz/ac Facet L + 1% 
COCa 
Herbicide spray 
dates and spray 
procedures 
14 June 
24 oz/ac RiceStar + 
1% COC 
---- 
16 July 
20 oz/ac Clincher + 1 
qt/ac COC 
Herbicide spray 
dates and spray 
procedures 
4 July 
15 oz/ac Clincher + 
43 oz/ac Facet L +  
1 qt/ac COC 
---- ---- 
Emergence dates 11 May 4 May 6 May 
Preflood N dates 11 June 6 June 31 May 
Flood dates 14 June 7 June 1 June 
Boot N application 31 July 18 July 19 July (RT CLXL745) 23 July (RT XP753) 
Drain dates  7 September 24 August 
Harvest dates 4 October 13 September 10 September 
a COC = crop oil concentrate. 
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Table 2. Influence of preflood (PF) nitrogen (N) fertilizer rate and 
late-boot N application on the grain yield and lodging of RiceTec 
CLXL745 hybrid rice at three locations during 2018. 
 Grain yield and lodging 
Treatment NERECa PTRSb RREC 
PF N ratec ---------------------- [bu./ac (% lodged)] ---------------------- 
Low 221 (55)d 240 254 (5) 
Med. 223 (84) 246 256 (6) 
High 216 (72) 248 238 (54) 
LSD0.05e N.S.f (N.S.) N.S. 12.9 (25.2) 
Boot N 
rate    
0 lb N/ac 213 (83) 242 243 (27) 
30 lb N/ac 227 (58) 247 256 (17) 
LSD0.05 9.3 (21.0) N.S. 10.6 (N.S.) 
a NEREC = Northeast Research and Extension Center, Keiser, Ark.; 
PTRS = Pine Tree Research Station, Colt, Ark.; RREC = Rice 
Research and Extension Center, Stuttgart, Ark. 
b No lodging of RT CLXL745 occurred at PTRS in 2018. 
c Preflood N rates of low, med., and high correspond to 130, 160, and 
190 lb N/ac, respectively, at NEREC and PTRS, and 90, 120, and 
150 lb N/ac, respectively, at RREC. 
d Values in parentheses are lodging percentages. 
e LSD = least significant difference. 
f N.S. = not significant at 0.05 alpha level. 
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Table 3. Influence of preflood (PF) nitrogen (N) fertilizer rate and 
late-boot N application on the grain yield and lodging of RiceTec 
XP753 hybrid rice at three locations during 2018. 
 Grain yield and lodging 
Treatment NERECa PTRSb RREC 
PF N ratec ---------------------- [bu./ac (% lodged)] ---------------------- 
Low 262 (0)d 267 263 
Med. 272 (11) 279 269 
High 275 (1) 276 283 
LSD0.05e N.S.f (N.S.) N.S. 10.9 
Boot N 
rate    
0 lb N/ac 261 (7) 271 267 
30 lb N/ac 278 (1) 277 276 
LSD0.05 15.0 (N.S.) N.S. 8.9 
a NEREC = Northeast Research and Extension Center, Keiser, Ark.; 
PTRS = Pine Tree Research Station, Colt, Ark.; RREC = Rice 
Research and Extension Center, Stuttgart, Ark. 
b No lodging of RT XP753 occurred at PTRS or RREC in 2018. 
c Preflood N rates of low, med., and high correspond to 130, 160, and 
190 lb N/ac, respectively, at NEREC and PTRS, and 90, 120, and 
150 lb N/ac, respectively, at RREC. 
d Values in parentheses are lodging percentages. 
e LSD = least significant difference. 
f N.S. = not significant at 0.05 alpha level. 
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Table 4. Influence of preflood (PF) nitrogen (N) fertilizer rate 
and late-boot N application on the milling yield of RiceTec 
CLXL745 hybrid rice at three locations during 2018. 
 Milling yield 
Treatment NERECa PTRS RREC 
PF N rateb ------------------------(%HR/%TRc)------------------------- 
Low 51.2/68.8 59.7/70.4 60.9/70.9 
Med. 53.3/68.7 61.4/71.3 61.7/71.1 
High 51.4/68.3 61.6/71.0 61.5/71.0 
%HR LSD0.05d N.S.e 1.0 N.S. 
%TR LSD0.05 N.S. 0.6 N.S. 
Boot N rate    
0 lb N/ac 50.1/68.3 60.5/70.6 60.9/70.9 
30 lb N/ac 53.0/68.9 61.3/71.2 61.8/71.1 
%HR LSD0.05 1.9 N.S. 0.7 
%TR LSD0.05 N.S. 0.5 N.S. 
a NEREC = Northeast Research and Extension Center, Keiser, Ark.; 
PTRS = Pine Tree Research Station, Colt, Ark.; RREC = Rice 
Research and Extension Center, Stuttgart, Ark. 
b Preflood N rates of low, med., and high correspond to 130, 160, 
and 190 lb N/ac, respectively, at NEREC and PTRS, and 90, 120, 
and 150 lb N/ac, respectively, at RREC. 
c %HR/%TR = % head rice and % total white rice. 
d LSD = least significant difference. 
e N.S. = not significant at 0.05 alpha level. 
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Table 5. Influence of preflood (PF) nitrogen (N) fertilizer rate 
and late-boot N application on the milling yield of RiceTec 
XP753 hybrid rice at three locations during 2018. 
 Milling yield 
Treatment NERECa PTRS RREC 
PF N rateb -----------------------(%HR/%TRc)----------------------- 
Low 44.6/68.9 58.2/71.2 60.9/71.4 
Med. 47.2/69.1 60.3/71.3 61.0/71.2 
High 49.2/69.5 62.0/71.9 63.2/71.8 
%HR LSD0.05d 3.7 1.3 1.2 
%TR LSD0.05 N.S.e N.S. N.S. 
Boot N rate    
0 lb N/ac 45.0/69.1 59.6/71.2 60.9/71.2 
30 lb N/ac 49.1/69.3 60.8/71.7 62.3/71.7 
%HR LSD0.05 3.0 1.1 1.0 
%TR LSD0.05 N.S. N.S. N.S. 
a NEREC = Northeast Research and Extension Center, Keiser, 
Ark.; PTRS = Pine Tree Research Station, Colt, Ark.; RREC = 
Rice Research and Extension Center, Stuttgart, Ark. 
b Preflood N rates of low, med., and high correspond to 130, 160, 
and 190 lb N/ac, respectively, at NEREC and PTRS, and 90, 
120, and 150 lb N/ac, respectively, at RREC. 
c %HR/%TR = % head rice and % total white rice. 
d LSD = least significant difference. 
e N.S. = not significant at 0.05 alpha level. 
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RICE CULTURE
Response of Two Rice Cultivars to Midseason Nitrogen 
Fertilizer Application Timing
A.D. Smartt1, R.J. Norman1, D.L. Frizzell2, J.T. Hardke2, T.L. Roberts1, 
N.A. Slaton1, M.D. Coffin1, C.E. Gruener1, E. Castaneda-Gonzalez2, 
W.J. Plummer2, and T.L. Clayton3 
Abstract
A study was conducted at the University of Arkansas System Division of Agriculture's 
Northeast Research and Extension Center, Pine Tree Research Station, and Rice Re-
search and Extension Center in 2018 to examine the influence of midseason nitrogen 
(N) fertilizer application timing on the grain yield of conventional, pure-line rice (Oryza 
sativa L.) cultivars from Louisiana and Arkansas. The conventional rice cultivars cho-
sen for the study were the Horizon Ag semidwarf, long-grain CL153 and the Arkansas 
short-stature, long-grain Diamond. There were two preflood N fertilizer rates at each 
location and five weekly midseason N application timings from beginning internode 
elongation (BIE) to BIE + 28 days. There was also a control, or no midseason N appli-
cation, and an optimum single preflood N application treatment. At the lower preflood 
N rate, midseason N timing significantly impacted grain yield at all locations while 
midseason N timing at the greater preflood N rate only impacted grain yield at two 
of the locations. At the lower preflood N rate, with exception of the latest midseason 
N application timing (BIE + 28 days) at two locations, all midseason N application 
timings produced grain yields that did not differ from the optimum single preflood N 
application, but were generally greater than yields where no midseason N was applied. 
The midseason N application window appeared to span multiple weeks in this study. 
Although midseason N applied at BIE+28 days generally seemed too late to impact 
grain yields, applications from BIE to BIE + 21 days often did not result in different 
grain yields from numerical maximums that occurred at BIE + 7, BIE + 14, or BIE + 
21 days. Results from this and previous studies have led to the new recommendation 
that the midseason N application should be applied no earlier than BIE and at least 3 
weeks and at times 4 weeks after the preflood N application; both of these conditions 
must be met to obtain the full grain-yield benefit from the midseason N application.
1 Program Associate I, Professor, Associate Professor, Professor, Graduate Assistant, and Graduate As-
sistant, respectively, Department of Crop, Soil, and Environmental Sciences, Fayetteville.
2 Program Associate III, Rice Extension Agronomist, Program Associate I, and Program Technician – 
Rice Agronomy, respectively, Department of Crop, Soil, and Environmental Sciences, Stuttgart.
3 Program Associate – Entomology, Department of Entomology, Stuttgart.
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Introduction
Nitrogen (N) fertilizer typically is applied in a two-way split application for con-
ventional, pure-line rice cultivars in dry-seeded, delayed-flood systems (Norman et al., 
2013b). The first N application occurs preflood, onto dry soil, at beginning tillering and 
the second N application occurs into the floodwater at midseason between beginning 
internode elongation (BIE) and BIE + 7 days, or approximately 0.5-inch IE (Norman et 
al., 2013b). The preflood N application is the larger of the two and ranges, for pure-line 
cultivars, from 75 to 105 lb N/ac depending on the cultivar (Roberts and Hardke, 2016). 
The preflood N fertilizer rate is increased by 30 lb N/ac for rice grown on clay soils, but 
the midseason N application rate of 45 lb N/ac is consistent among all conventional, 
pure-line cultivars and soil textural classes (Roberts and Hardke, 2016). The previous 
recommendation for midseason N application to occur from BIE to 0.5-inch IE was 
based on studies conducted over 20 years ago (Wilson et al., 1998), while more recent 
studies have indicated a wider midseason N application timing window that allows for 
later applications (Norman et al., 2012, 2013a, 2014; Smartt et al., 2016, 2018). 
Recent research has indicated some of the new cultivars do not consistently 
respond to midseason N fertilizer application, particularly when an adequate rate of 
preflood N has been applied. Furthermore, the results of recent studies indicate, when 
midseason N application produces a yield response, the midseason N application time 
window may be wider and/or later than the week between BIE and 0.5-inch IE as sug-
gested by Wilson et al. (1998). Results of a 2011 midseason N application study indicated 
a positive influence on rice grain yield when midseason N was applied from BIE to BIE + 
14, while BIE + 21 days was not tested (Norman et al., 2012). The 2012 study indicated 
midseason N applied from BIE to BIE + 21 days significantly increased rice grain yield 
at two locations, while none of the midseason N application timings resulted in a yield 
increase at the third location (Norman et al., 2013a). Similarly, the 2013 study showed 
midseason N applications from BIE to BIE + 21 days generally increased grain yield 
for both preflood N rates at the University of Arkansas System Division of Agriculture's 
Northeast Research and Extension Center (NEREC), and Rice Research and Extension 
Center (RREC), while no midseason N application timings produced a yield response 
at the Pine Tree Research Station (PTRS) with the greater preflood N rate (Norman et 
al., 2014). Consequently, the midseason N application timing study was continued in 
2017 to further clarify the impact of midseason N applied at five times from BIE to BIE 
+ 28 days on the grain yield of rice based on two preflood N application rates. In 2017, 
midseason N had no impact on grain yields at either preflood N rate at the NEREC, but 
applications made at the RREC from BIE + 7 to BIE + 21 days and from BIE to BIE 
+ 21 days, at the low and high preflood N rates, respectively, increased yields relative 
to the control, while applications made at BIE + 28 days did not impact yields (Smartt 
et al., 2018). In order to further assess newer rice cultivars and validate the adequacy 
of new recommendations, studies have been continued to determine how recently re-
leased conventional, pure-line rice cultivars respond to midseason N application and 
the optimal application timing window.
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Procedures
The study was conducted in 2018 at the University of Arkansas System Division 
of Agriculture’s Northeast Research and Extension Center (NEREC), Keiser, Arkansas, 
on a Sharkey clay soil, the Pine Tree Research Station (PTRS), near Colt, Ark., on a 
Calhoun silt-loam soil, and the Rice Research and Extension Center (RREC), near 
Stuttgart, Ark., on a DeWitt silt-loam soil. The two conventional, pure-line rice culti-
vars chosen for the study were the Horizon Ag long-grain, semidwarf CL153 and the 
Arkansas long-grain, short-stature cultivar Diamond. Two preflood N fertilizer rates 
were utilized at each location along with five midseason N fertilizer application timings. 
Preflood N application rates of 85 and 105 lb N/ac were used at the RREC and PTRS, 
while larger rates of 115 and 135 lb N/ac were used on the clay soil at the NEREC. The 
midseason N rate was 45 lb N/ac at all three locations and was applied at BIE, BIE + 7, 
BIE + 14, BIE + 21, or BIE + 28 days. Additional treatments were a control, where no 
midseason N was applied, and optimum single preflood N applications of 130 and 160 
lb N/ac on the silt-loam soils (PTRS and RREC) and clay soil (NEREC), respectively.
All treatments were replicated four times at each location. Preflood N fertilizer 
was applied onto dry soil, which was flooded within 24 hours (72 hours on clay soil), 
and midseason N applications occurred directly into the floodwater.
At the PTRS location, floodwater barriers, equipped with one-way valves, en-
closed individual research plots to eliminate the potential movement of N fertilizer, 
when applied to flooded plots, away from plots by diffusion and mass flow of the 
floodwater. While barriers with valves have not been previously used on a full-plot 
scale in midseason N timing studies, metal barriers around smaller plots have been 
used in research where isotopically 15N-labeled urea applications are made into flooded 
rice. The barriers allow free movement of floodwater into plots, supplying water lost 
by evapotranspiration, while preventing the movement of N away from plots after 
midseason applications. Floodwater barriers were created using 0.157-in. thick cor-
rugated plastic sheeting, inserted 2- to 3-in. into a channel cut in the soil surrounding 
each plot, supported by fiberglass stakes, and sealed to PVC anchors fitted with silicone 
one-way valves. The use of floodwater barriers was limited to one location based on 
time constraints and resource limitations. 
The rice was drill-seeded in plots 8 rows wide and 15.5 ft in length with row 
spacing of 7.5 in. at a rate of 73 lb/ac on the silt-loam soils and 91 lb/ac on the clay 
soil at the NEREC. Rice was seeded at the NEREC on 3 May and emerged on 13 May, 
the preflood N fertilizer was applied on 11 June, and the BIE N fertilizer application 
occurred on 4 July. Rice was seeded at PTRS on 19 April and emerged on 4 May, the 
preflood N was applied on 6 June, and the BIE N application occurred on 27 June. Rice 
was seeded at the RREC on 30 April and emerged on 6 May, the preflood N was applied 
on 31 May, and the BIE N application occurred on 28 June. A permanent flood was 
established, the day after preflood N application on silt-loam soils and within 3 days of 
application at the NEREC, when the rice was at the 5- to 7-leaf stage and maintained 
until the rice reached maturity. The center four rows of each plot were harvested at 
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maturity, the moisture content and weight of grain were determined, and yields were 
calculated based on 12% moisture and a 45-lb bushel (bu.) weight.
Treatments were arranged in a four-replicate randomized complete block facto-
rial design with 2 cultivars × 5 midseason N application timings. A control with no 
midseason N application and an optimum single preflood N application treatment were 
included, each with four replications at all locations. Analysis of variance was performed 
on the grain yield data for each preflood N rate and location combination utilizing SAS 
v. 9.4 (SAS Institute, Cary, N.C.). When necessary, differences among means were 
compared using Fisher’s protected least significant difference (LSD) procedure at a P 
= 0.05 probability level.
Results and Discussion
Analysis of variance P values for the studies indicated there were no significant (P 
= 0.05) interactions of cultivar × midseason N fertilizer timing on grain yield at any of 
the locations or preflood N fertilizer rates (Table 1). There was, however, a significant 
(P < 0.05) main effect of cultivar on rice grain yield for both preflood N rates at all three 
locations. Midseason N timing also significantly impacted grain yield at both preflood 
N rates at the NEREC and PTRS, but only the lower preflood N rate at the RREC. 
Averaged across midseason N fertilizer timing, the cultivar Diamond produced 
greater yields than CL153 for all location/preflood N fertilizer rate combinations (Table 
2). Grain yields of Diamond were 32 and 41 bu./ac greater than grain yields of CL153 
at preflood N rates of 115 and 135 lb N/ac, respectively, at the NEREC, and 17 and 19 
bu./ac greater than yields of CL153 at 85 and 105 lb N/ac, respectively, at PTRS. Grain 
yields of Diamond averaged 25 and 27 bu./ac greater than CL153 at preflood N rates 
of 85 and 105 lb N/ac, respectively, at RREC. 
At the lower preflood N fertilizer rate, averaged across cultivars, the majority of 
midseason N fertilizer application timings, including all timings at NEREC, resulted in 
grain yields that did not differ significantly from the optimum single preflood N applica-
tion, but were greater than the control, where no midseason N was applied (Table 3). At 
PTRS and RREC, with the lower preflood N rate, the latest midseason N application 
at BIE + 28 days, however, resulted in grain yields that did not differ from the control 
and were significantly less than yields from the optimum single preflood application. 
At the PTRS, with the lower preflood N rate, midseason N applied at BIE + 7 and BIE 
+ 14 days resulted in greater yields than applications made at BIE + 21 and BIE + 28 
days, but did not differ from the BIE timing, which resulted in a similar grain yield to 
the BIE + 21 day and greater yield than the BIE + 28 day application. With the lower 
preflood N rate at the RREC, midseason N applications made from BIE to BIE + 21 
days did not differ from each other or the optimum single preflood N application, but 
all increased grain yields relative to the control and the BIE + 28 day application. 
Midseason N fertilizer timing did not significantly impact grain yields, averaged 
across cultivars, at the larger preflood N fertilizer rate at the RREC, where yields ranged 
from 210 bu./ac when midseason N was applied at BIE + 28 days to 225 bu./ac when 
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applied at BIE + 7 days (Table 3). The reasoning for the low impact of the midseason N 
application at the RREC in 2018 is not well understood, but grain yields were consistently 
high, regardless of midseason N application and preflood N rate, indicating sufficient 
N availability at the location, which may have reduced the benefit of midseason N ap-
plication on grain yield. With the larger preflood N rate at the NEREC, averaged across 
cultivars, only the control where no midseason N was applied resulted in lower yields 
than the optimum single preflood application, while midseason N applied at BIE + 21 
days was the only timing that produced greater yields than the optimum single preflood 
treatment. Additionally, applications made at BIE + 7 or BIE + 14 days resulted in similar 
grain yields to the BIE + 21 day application, which all produced greater yields than the 
control, while applications made at BIE or BIE + 28 days did not increase yields relative 
to the control. When the larger preflood N rate was utilized at the PTRS, midseason N 
applied at BIE, BIE + 7, and BIE + 14 days all resulted in greater grain yields than the 
optimum single preflood N application which did not differ from the BIE + 21 day, BIE 
+ 28 day, and control treatments. Application at BIE + 28 days was the only midseason 
N timing treatment that did not increase grain yields relative to the control at the PTRS 
when the larger preflood N rate was used.  This indicates that applications made past 
BIE + 21 days may not provide any benefit to the grain yield of rice.
Significance of Findings
Results of this study indicate, on the clay soil at the NEREC in 2018 at a lower 
preflood N fertilizer rate, all midseason N fertilizer application timings increased grain 
yields, relative to the control, by an average of 20 bu./ac, and as much as 27 bu./ac 
when applied at BIE + 21 days, but did not differ from the optimum single preflood 
application or each other. At the lower preflood N rate on the silt-loam soils, midseason 
N applied from BIE to BIE + 21 days increased grain yields relative to the control by 
an average of 20 bu./ac at the RREC and 26 bu./ac at the PTRS, but did not differ from 
the optimum single preflood application. When the preflood N rate was increased by 
20 lb N/ac at the NEREC, midseason N applications made from BIE + 7 days to BIE 
+ 21 days produced greater yields than the control, averaging a 24 bu./ac increase, 
while the BIE + 21 day treatment also produced a greater yield than the optimum 
single preflood application (12 bu./ac difference). Similarly, on the silt-loam soil at the 
PTRS, midseason N applications at BIE, BIE + 7 days, and BIE + 14 days, combined 
with the larger preflood N rate, increased yields relative to the optimum single preflood 
N application by 13, 21, and 26 bu./ac, respectively. Grain yields at RREC were not 
responsive to midseason N applications when the greater preflood N rate was applied, 
indicating sufficient N availability at the location and resulting in a lack of grain-yield 
response to N applied in excess of the 105 lb N/ac preflood rate. 
The general trend of midseason N fertilizer application increasing grain yield 
when applied up to 21 days past BIE, observed in this study, is consistent with previous 
studies (Norman et al., 2012, 2013a, 2014; Smartt et al., 2016, 2018). Similar to results 
of 2017 research (Smartt et al., 2018), this study has provided further evidence that 
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delaying midseason N application past BIE + 21 days does not provide a grain yield 
benefit to rice. Furthermore, midseason N applied at BIE + 21 days at the PTRS, while 
still out yielding the control, resulted in significantly lower grain yields than N applied 
at BIE + 7 or BIE + 14 days at either preflood N rate, suggesting maximum grain-yield 
benefit of midseason N applied prior to BIE + 21 days.
Based on limited data, it is difficult to determine if the reduced response to 
midseason N fertilizer applied at BIE + 21 days at the PTRS in 2018, relative to other 
locations and previous studies, is the result of an error or anomaly or if it is an accurate 
representation resulting from the use of floodwater barriers to prevent N movement of 
the impact of midseason N timing on grain yield. If N movement in floodwater does 
occur when selectively applied to a fraction of plots, in contrast to a uniform applica-
tion over the whole flooded area, it would reduce the effectiveness of midseason N, 
especially when corresponding to times of peak grain yield response. However, when 
applied at times that do not impact yield, such as the BIE + 28 day timing in this study, 
the movement of N might artificially increase grain yields by supplying small amounts 
of N from earlier applications to surrounding plots;. in other words, a plot receiving an 
application of urea at BIE + 28 days may not benefit from that application, since it is 
too late to impact yield, but may have been impacted by N in the floodwater from pre-
vious applications made when N uptake has a stronger impact on grain yields. Further 
research, utilizing floodwater barriers or some other isolation mechanism, will likely 
be necessary to clarify the impact of the BIE + 21 day midseason N application timing 
on grain yield. This study supports the new recommendation that the midseason N ap-
plication should be applied no earlier than BIE and at least 3 weeks after the preflood N 
application; both of these conditions must be met to obtain the full grain-yield benefit 
from the midseason N application.
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Table 1. Analysis of variance P values for rice grain yield as affected by rice 
cultivar, midseason N timing, and their interaction at the University of 
Arkansas System Division of Agriculture’s Northeast Research and 
Extension Center (NEREC), Pine Tree Research Station (PTRS), and Rice 
Research and Extension Center (RREC) during 2018. 
 Location/ Preflood N rate (lb N/ac) 
  NEREC   PTRS†   RREC  
Source 115 135 85 105 85 105 
 --------------------------------------------P--------------------------------------------- 
Cultivar <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Midseason 
N timing 0.0326 0.0002 <0.0001 <0.0001 0.0002 0.4657 
Cult × msn 
timing 0.1662 0.2767 0.7807 0.7571 0.4465 0.9989 
† Floodwater barriers, equipped with one-way valves, enclosed individual research 
plots at PTRS to eliminate the potential movement of N, when applied to flooded 
plots, away from plots by diffusion and mass flow of the floodwater. 
 
Table 2. Influence of rice cultivar, averaged across midseason 
N timing, on rice grain yield at the University of Arkansas System 
Division of Agriculture’s Northeast Research and Extension Center 
(NEREC), Pine Tree Research Station (PTRS), and Rice Research and 
Extension Center (RREC) during 2018. 
  Grain yield  
  Location/ Preflood N rate (lb N/ac)  
  NEREC   PTRS†   RREC  
Cultivar 115 135 85 105 85 105 
 --------------------------------------- (bu./ac) --------------------------------------- 
CL153 197 b‡ 194 b 210 b 217 b 205 b 204 b 
Diamond 229 a 235 a 227 a 236 a 233 a 231 a 
LSD0.05§ 8.1 6.3 7.3 5.8 6.0 7.9 
† Floodwater barriers, equipped with one-way valves, enclosed individual research 
plots at PTRS to eliminate the potential movement of N, when applied to flooded 
plots, away from plots by diffusion and mass flow of the floodwater. 
‡ Values in the same column followed by different letters are significantly 
different (P < 0.05). 
 § LSD = least significant difference. 
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Table 3. Influence of midseason (MS) N application timing, averaged  
across cultivars, on rice grain yield at the University of Arkansas System 
Division of Agriculture’s Northeast Research and Extension Center 
(NEREC), Pine Tree Research Station (PTRS), and Rice Research 
and Extension Center (RREC) during 2018. 
  Grain yield  
  Location/Preflood N rate (lb N/ac)  
  NEREC   PTRS†   RREC  
MS N 
Timing 115 135 85 105 85 105 
 ----------------------------------------(bu./ac)---------------------------------------- 
No MS N 196 b‡ 200 e 200 d 210 e 205 b 214 
BIE§ 212 a 210 cde 225 ab 233 bc 226 a 219 
BIE+7d 218 a 221 abc 233 a 241 ab 224 a 225 
BIE+14d 216 a 222 ab 230 a 246 a 227 a 219 
BIE+21d 223 a 228 a 215 bc 222 cd 220 a 215 
BIE+28d 213 a 206 de 204 cd 211 e  206 b 210 
SPF¶ 216 a 216 bcd 220 ab 220 de 224 a 224 
LSD0.05# 15.1 11.7 13.6 10.8 11.2 N.S†† 
† Floodwater barriers, equipped with one-way valves, enclosed individual research 
plots at PTRS to eliminate the potential movement of N, when applied to flooded 
plots, away from plots by diffusion and mass flow of the floodwater. 
‡ Values in the same column followed by different letters are significantly 
different (P < 0.05).  
§ BIE = beginning internode elongation. 
¶ SPF = Optimum single preflood N application of 160 lb N/ac at NEREC, and 
130 lb N/ac at PTRS and RREC with no midseason N. 
# LSD = least significant difference. 
†† N.S. = not significant at 0.05 alpha level. 
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RICE CULTURE
Summary of Nitrogen Soil Test for Rice (N-STaR) 
Nitrogen Recommendations in Arkansas During 2018
S.M. Williamson1, T.L. Roberts1, C.L. Scott1, R.J. Norman1, and J.B. Shafer2 
Abstract
Seeking to fine-tune nitrogen (N) fertilizer application, increase economic returns, and 
decrease environmental N loss, some Arkansas farmers are turning away from blanket 
N recommendations based on soil texture and cultivar by using the Nitrogen Soil Test 
for Rice (N-STaR) to determine their field-specific N rates. In 2010, Roberts et al. 
(2011) correlated several years of direct steam distillation (DSD) results obtained from 
18-in. soil samples of silt loam soils to plot-scale N response trials across the state and 
developed a site-specific, soil-based N test for Arkansas rice.  After extensive small-plot 
and field-scale validation, N-STaR is available to Arkansas farmers for both silt loam 
and clay soils (using a 12-in. soil sample). To summarize the samples submitted to the 
N-STaR Soil Testing Lab in 2018, samples were categorized by county and soil texture. 
Samples were received from 62 fields across 19 Arkansas counties, with Jackson and 
Lonoke county submitting the largest number of fields. Total samples received were 
from 48 silt loam and 14 clay fields. The N-STaR N-rate recommendations for these 
samples were compared to the producer’s estimated N rate, the 2018 Recommended 
Nitrogen Rates and Distribution for Rice Cultivars in Arkansas, and the standard 
Arkansas N-rate recommendation of 150 lb N/ac for silt loam soils and 180 lb N/ac 
for clay soils. Each comparison was divided into three categories based on a decrease 
in recommendation, no change in recommended N rate, or an increase in the N-rate 
recommendation. While not significant when N-STaR suggested an increase in N rate, 
county (P < 0.01) and soil texture (P < 0.001) were significant factors when N-STaR 
called for a decreased N rate in all three comparisons suggesting that some areas of 
the state and soil series may have higher residual-N not accounted for by other current 
N-rate recommendation strategies.
Introduction
Nitrogen (N) fertilizer recommendations for rice in Arkansas were based for 
years on soil texture, cultivar selection, and the previous crop—often resulting in over-
1 Program Associate II, Associate Professor, Program Technician II, and Professor, respectively, 
Department of Crop, Soil, and Environmental Science, Fayetteville.
2 Program Associate II, Pine Tree Research Station, Colt.
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fertilization which can decrease possible economic returns and increase environmental 
N loss (Khan et al., 2001). In hopes of finding a more field-based factor to drive N 
recommendations, scientists correlated several years of plant-available N estimates 
from direct steam distillation (DSD) results from 18-in. soil samples, equivalent to 
rice rooting depth on a silt loam soil (Roberts et al., 2009), to plot-scale N response 
trials across the state and developed a site-specific, soil-based N test for Arkansas rice 
(Roberts et al., 2011).  
Direct-seeded, delayed-flood rice production, with proper flood management and 
the use of ammonium-based fertilizers and best management practices, has a consistent 
soil-N mineralization rate and one of the highest N use efficiencies of any cropping 
system, therefore lending itself to a high correlation of mineralizable soil-N to yield 
response (Roberts et al., 2011). After extensive field-testing and validation, N-STaR 
became available to the public for silt loam soils in 2012 with the initiation of the 
University of Arkansas System Division of Agriculture's N-STaR Soil Testing Lab in 
Fayetteville, Arkansas. Later, researchers correlated DSD results from 12-in. soil samples 
to N response trials on clay soils (Fulford, 2013), and N-STaR rate recommendations 
became available for clay soils in 2013. Some Arkansas farmers are benefiting from 
this research by using N-STaR’s field-specific N rates, but many continue to depend 
on soil texture, cultivar, or routine management habits to guide N rate decisions which 
may not always be the most profitable or environmentally sound practice.
Procedures
In an effort to summarize the effect of the N-STaR program in Arkansas, soil 
samples submitted to the N-STaR Soil Testing Lab for the 2018 growing year were 
categorized by county and soil texture. The N-STaR N-fertilizer rate recommendations 
for these samples were then compared to the producer’s estimated N rate supplied on the 
N-STaR Soil Test Laboratory Soil Sample Information Sheet, the 2018 Recommended 
Nitrogen Rates and Distribution for Rice Cultivars in Arkansas found in the 2018 Rice 
Farming for Profit publication (Hardke et al., 2018), or to the standard Arkansas N-rate 
recommendation of 150 lb N/ac for silt loam soils and 180 lb N/ac for clay soils. Re-
sults were then divided into three categories—those with a decrease in N fertilizer rate 
recommendation, no change in recommended N rate, or an increase in the N rate recom-
mendation. The resulting data was analyzed using JMP 14 (SAS Institute, Inc., Cary, 
N.C.) with means separated using Fisher’s least significant difference test (P = 0.05).
Results and Discussion
Twenty-six farmers across 19 Arkansas counties submitted samples from 62 
producer fields (Fig. 1), only 40.8% of last year’s samples. Jackson county and Lonoke 
counties, ranked 2nd and 5th in planted acres, respectively (USDA-FSA, 2018), submit-
ted the largest number of fields with thirteen each. Twenty-nine percent of the fields 
submitted were collected by 9 extension agents and represented Rice Research Verifica-
tion (RRVP) fields across the state. Of the fields submitted by farmers or consultants, 
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the average number of fields submitted by client was 2.6, with 7 clients submitting 
more than 1 field. All of the 2018 samples were received after rice had been planted 
during the typically wetter months of March and April when soil sampling at proper 
moisture is more problematic. The samples received were from 48 silt loam fields and 
14 clay fields (Table 1).
Planted rice acreage across Arkansas did increase from 1.093 million acres in 
2017 to 1.423 million acres in 2018 (USDA-FSA, 2018); however, a wet spring, the 
rush to get rice planted, and unfavorable emergence conditions combined with favor-
able N-fertilizer prices likely decreased the number of samples that would have been 
submitted for N-STaR analysis. Just as in previous years, sample submission by county 
did not reflect the planted acre estimates for 2018 with Poinsett county having the high-
est planted acreage estimates (USDA-FSA, 2018), yet only one submission, a RRVP 
field, from Poinsett county was received (Fig. 1).
County and soil texture were found to be significant factors (P < 0.0001) in 
the fields with a decrease in N fertilizer rate when the N-STaR recommendation was 
compared to Arkansas’ standard N rate recommendation of 150 lb N/ac for silt loam 
soils and 180 lb N/ac for clay soils.  This suggests that some areas of the state may 
be prone to N-fertilizer savings potential due to cropping systems and higher native 
soil-N levels (Fig. 1). County and soil texture were not significant in the fields where 
an increase in N rate was recommended by N-STaR. However, it should be noted that 
validation of N-STaR on clay soils found no increased yield response to fertilizer rates 
above the standard N recommendation, therefore N-STaR does not recommend N rates 
greater than 180 lb N/ac (Davidson, 2016). Of the fields in this comparison, there was 
a decrease in the N recommendation for 45 fields (72.6% of the 62 fields submitted) 
with an average decrease of 49 lb N/ac (Table 1). No change in N recommendation 
was found for 2 fields, while 15 silt loam fields had an increase in N recommendation 
(24%), with an average increase of 14 lb/N ac.    
Thirty-one of the submitted fields had no estimated N-fertilizer rate specified on 
the N-STaR Sample Submission Sheet and were excluded from the comparison of the 
N-STaR recommendation to the farmer’s estimated N rate (Table 2). Of thirty-one fields 
that were compared, there was a decrease in the N recommendation for 20 fields (64.5% 
of the compared fields) with an average decrease of 39 lb N/ac. No change in N recom-
mendation was found for 2 fields, while 9 fields had an increase in N recommendation 
(29.0%), with an average increase of 14 lb N/ac. Again, soil texture and county, despite 
the limited number of fields compared, were significant factors (P < 0.001) for the fields 
that resulted in a decrease from the producer’s estimate to the N-STaR recommendation, 
but were not significant in the fields that resulted in an increased N rate. The difference 
in significance may be due to soil texture variability, soil texture classification errors, 
and the differences in sample depth and N-STaR calculations for the two textures. The 
N-STaR recommendations continue to be largely dependent on proper sampling depth 
for the respective soil texture and the farmer’s correct classification of his field.  
When the N-STaR recommendation was compared to the 2018 Recommended 
Nitrogen Rates and Distribution for Rice Cultivars in Arkansas (Hardke et al., 2018), 
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cultivar recommendations were adjusted for soil texture as recommended by adding 
30 lb N/ac for rice grown on clay soils and then compared to the N rates determined 
by N-STaR. Twelve fields failed to include cultivar on the N-STaR Sample Submission 
Sheet and were excluded from this comparison. There was a decrease in the N fertilizer 
recommendation for 37 fields (74.0% of the 50 fields) with an average decrease of 49 
lb N/ac (Table 3). No change in N recommendation was found for 3 fields, while 10 silt 
loam fields had an increase in N recommendation (20.0%), with an average increase of 
14 lb N/ac. County (P < 0.01) and soil texture (P < 0.001) were significant factors in 
the fields exhibiting a decreased N-STaR recommended rate, yet neither was significant 
when N-STaR called for an increased N rate suggesting that N rates for some cultivars 
may be overestimated for certain areas of the state.  
In the standard and cultivar comparison (Table 3), N-STaR proposed decreases as 
high as 120 lb N/ac in some fields, with results from 29.0% and 30% of fields, respec-
tively, suggesting a decrease of greater than 50 lb N/ac. Twenty percent of the fields in 
the estimated N comparison proposed N reductions more than 50 lb N/ac. Alternatively, 
the greatest N-STaR recommended-N rate increase in all three comparisons was only 
15 lb N/ac.
Significance of Findings
Despite decreased submission numbers, these results continue to show the value 
of the N-STaR program to Arkansas producers and can help target areas of the state 
that would most likely benefit from its incorporation. Standard recommendations and 
cultivar recommendations will continue to be good starting points for N fertilizer recom-
mendations, but field-specific N rates continue to offer the best estimate of needed N, 
regardless of soil texture or cultivar selection. By using a field-specific N rate, farmers 
could save a large fraction of N fertilizer costs as N fertilizer costs rise in the future 
as well as decrease possible negative environmental impacts as concerns intensify to 
protect the sensitive Mississippi watershed. Farmers are encouraged to consider taking 
N-STaR samples at the harvest of the previous crop when fields are typically in optimal 
conditions for soil sampling.
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Fig. 1. Number of fields submitted, percent and mean decrease and increase in 
Nitrogen Soil Test for Rice (N-STaR) N fertilizer recommendation (lb N/ac) 
by county compared to the standard recommendation.
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Table 1. Distribution and change in nitrogen (N) fertilizer rate utilizing 
N-STaR compared to the standard N recommendation, producer’s estimated 
N rate, and the 2018 Recommended Nitrogen Rates and Distribution for Rice Cultivars in 
Arkansas (Hardke et al., 2018) based on soil texture. 
Soil 
texture 
Number 
of fields 
submitted 
Decreased N-STaR 
recommendation 
Increased N-STaR 
recommendation 
No change 
in recommendation 
Number 
of fields 
Mean N 
decrease     
(lb N/ac) 
Number 
of fields 
Mean N 
increase 
(lb N/ac) 
Standard soil texture   
Clay 14 14 75.4 - - - 
Silt 
Loam 48 31 36.6 15 14.3 2 
Total 62 45 48.7 15 14.3 2 
Producer estimate   
Clay 7 6 66.7 1 15.0 - 
Silt 
Loam 24 14 26.4 8 13.8 2 
Total 31 20 38.5 9 13.9 2 
Cultivar    
Clay 11 11 83.2 - - - 
Silt 
Loam 39 26 34.8 10 14.0 3 
Total 50 37 49.2 10 14.0 3 
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Table 2. Distribution and change in N fertilizer rate utilizing Nitrogen Soil Test for Rice 
(N-STaR) compared to the producer’s estimated N rate by countya. 
County 
Number of 
fields 
submitted 
Decreased N-STaR 
Recommendation 
Increased N-STaR 
Recommendation 
No change 
in recommendation  
Number 
of fields 
Mean N 
decrease 
(lb N/ac) 
Number 
of fields 
Mean N 
increase 
(lb N/ac) 
Arkansas 1 1 35.0 - - - 
Chicot 1 - - 1 15.0 - 
Clay 1 - - - - 1 
Craighead 2 1 55.0 1 15.0 - 
Desha 1 1 65.0 - - - 
Greene 4 2 5.0 2 10.0 - 
Jackson 1 - - 1 15.0 - 
Jefferson 1 1 80.0 - - - 
Lawrence 2 2 50.0 - - - 
Lee 2 2 22.5 - - - 
Lincoln 1 1 70.0 - - - 
Lonoke 4 4 26.3 - - - 
Poinsett 1 - - 1 15.0 - 
Prairie 3 3 35.0 - - - 
Randolph 2 - - 2 15.0 - 
St. Francis 1 1 30.0 - - - 
White 1  - 1 15.0 - 
Woodruff 2 1 70.0 - - 1 
Total 31 20 38.5 9 13.9 2 
a Thirty-one fields did not list an estimated N rate on their N-STaR Sample Submission Sheet 
  and were excluded from the analysis. 
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Table 3. Distribution and change in N fertilizer rate utilizing Nitrogen Soil Test for Rice 
(N-STaR) compared to the 2017 Recommended Nitrogen Rates and Distribution 
for Rice Cultivars in Arkansas (Hardke et al., 2018) by cultivara. 
Cultivar 
Number of 
fields 
submitted 
Decreased N-STaR 
recommendation 
Increased N-STaR 
recommendation 
No change 
in recommendation 
 
Number 
of fields 
Mean N 
decrease 
(lb N/ac) 
Number 
of fields 
Mean N 
increase 
(lb N/ac) 
CL 153 1 - - 1 15 - 
CL 172 1 1 40.0 - - - 
RT CLXL745 3 3 81.7 - - - 
Diamond 7 4 56.3 3 15 - 
Gemini 2 2 32.5 - - - 
Hybrid 6 6 70.0 - - - 
Jazzman 1 - - - - 1 
Jupiter 4 2 70.0 2 15 - 
Lakast 1 1 40.0 - - - 
Roy J 1 1 10.0 - - - 
Titan 2 2 32.5 - - - 
RT XP753 16 10 33.0 4 12.5 2 
RT XP760 5 5 48.0 - - - 
Total 50 37 49.2 10 14.0 3 
a Twelve fields did not list a cultivar on their N-STaR Sample Submission Sheet and were excluded 
  from the analysis. 
 
404
RICE QUALITY AND PROCESSING
Measuring the Angle of Repose of Rice 
T.J. Siebenmorgen1 and H. Shi1
Abstract
The angle of repose (AoR) is a primary characteristic for designing grain handling and 
storage facilities. This study measured the AoR for contemporary rice cultivars represent- 
ing long-, medium-, and short-grain types. An apparatus was constructed to measure both 
the emptying and piling AoR of rice samples. The effects of rice cultivars (pure-line and 
hybrid), rice types (long-, medium-, and short-grain), rice forms (rough, brown, head 
and broken milled rice) and moisture content on the AoR of rice were then evaluated. 
Results indicated that all these factors significantly affected the AoR of rice. The piling 
AoR was consistently less than the emptying AoR. Hybrid rice cultivars tended to have 
greater AoR than pure-lines, which was attributed to the pubescent characteristic of their 
hulls. The emptying AoR for long-grain rough rice of the tested cultivars at 12% to 21% 
moisture content was in the range of 33° to  40°, while the piling AoR ranged from 30° 
to 37°. Increasing moisture content of long-grain rough rice led to greater AoR, likely 
due to increased cohesion between rice kernels. Long-grain rough rice had slightly less 
AoR than that of medium- and short-grain rice. Among all tested rice forms, brown 
rice had the least AoR. Head and broken milled rice had approximately the same AoR. 
Introduction
The angle of repose (AoR) of granular materials, such as rice and other grains, is 
the steepest angle relative to the horizontal to which a material can stand without slid-
ing. The AoR applies whether the granular material is poured onto a pile (piling AoR) 
or emptied from an orifice in a container (emptying AoR). The AoR is widely used in 
designing silos, hoppers, and flat storage facilities (Pierce and Bodman, 1987). The AoR 
reflects inter-particle friction and is used to characterize flowability. Free flowability is 
crucial in preventing bridging in silos and hoppers while discharging grains. 
Even though the AoR is a critical property for designing grain facilities, its values 
for contemporary U.S. rice cultivars are lacking. Additionally, no information could 
be found on the impact of moisture content (MC) or processing stage (rough, brown, 
milled rice) on AoR. As such, this study was conducted to measure the AoR of U.S. 
1 Distinguished Professor and Postdoctoral Research Associate, respectively, Department of 
Food Science, Fayetteville.
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rice cultivars of long-, medium-, and short-grain types and to measure the effects of 
rice processing stage and MC on the AoR. 
Procedures
Rough rice samples, comprising six long-grain cultivars (three pure-lines and three 
hybrids), two medium-grain cultivars, and three short-grain cultivars, were procured 
from field plots (Table 1). Rough rice samples from these plots were cleaned using a 
dockage tester (XT4, Carter-Day, Minneapolis, Minn.). To investigate the effect of MC 
on the AoR of rough rice, subsamples of each long-grain lot were dried to target MCs 
of 21%, 18%, 15%, and 12% in a controlled-environment chamber (ESPEC, Hudson-
ville, Mich.). The MCs of rough rice samples were measured using a grain MC tester 
(AM5200, Perten Instruments, Sweden).   
In order to measure the AoR for rice of various forms, samples of rough rice, 
brown rice, milled head rice and milled brokens were procured from a commercial mill 
in Stuttgart, Arkansas. The rice from the mill was collected on three dates, producing 
rice forms from a single cultivar on each date. On two of these dates, long-grain culti-
vars were collected and on a third date, a medium-grain. On a given date, a rough rice 
sample was collected at the start of the milling process, then a brown rice sample was 
taken after hulling. After milling, a head rice sample and a sample of brokens were taken. 
An apparatus was built in similar construction to that reported by Shemsanga 
et al. (1983); an assembly and schematic of the apparatus is shown in Fig. 1. The ap-
paratus comprises a plexiglass cylinder, an aluminum frame, and a steel plate. In the 
center of the cylinder base, there is a circular orifice approximately 2.5 in. (60 mm) in 
diameter. When the sliding bar was pulled, rice flowed through the orifice. The diameter 
and height of the plexiglass container were 11.8 in. (300 mm) and 17.7 in. (450 mm), 
respectively. The capacity of the container was approximately 33 lb (15 kg) of rough 
rice. The falling distance between the orifice and the steel plate was set at 8 in. (200 mm). 
For AoR measurement of each rice sample, approximately 11 lb (5 kg) of that sample 
was placed into the cylindrical container with the sliding bar closed. The rice sample 
in the container was spread evenly. Then the sliding bar was pulled to allow the rice to 
flow through the orifice and onto the steel plate, forming a piled cone on the steel plate.
The rice pile formed was typically not a perfect cone and consisted of trunca-
tion of the top and slight irregularity of the slope. In order to consistently measure the 
height and diameter of the cone for AoR calculation, an image of each piled rice cone 
was taken using a camera on a tripod placed one meter in front of the apparatus. This 
imaging method was recommended by Frączek et al. (2007) as a more objective and 
reliable method to determine the AoR of granular materials. The AoR was determined 
by drawing an approximate slope of the piled cone using image processing software 
“Image-pro plus” (Media Cybernetics Inc., Rockville, Md.). As such, the piled cone 
on the steel base was used to calculate the piling AoR.
Due to the small diameter of the orifice compared to that of the cylindrical con-
tainer, some rice was retained around the orifice perimeter after pulling the sliding bar. 
The retained rice was used to measure the emptying AoR by determining the height 
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and base of rice retained in the container using the equation: θ = arctan (H/B) where H 
is the height (mm) of rice remaining in the container, B is the distance from the inside 
edge of the cylinder to the periphery of the orifice (Fig. 1), which was a fixed value of 
4.6 in. (117 mm) for the apparatus constructed. θ is the emptying AoR. 
Analysis of variance (ANOVA) was applied to test the significance of factors (rice 
cultivars and type, moisture content, and rice forms) on the AoR of rice using software 
RStudio (RStudio Inc., Boston, Mass.). Tukey’s Honestly Significant Difference (HSD) 
test was used to determine the difference in means of AoR between samples of different 
cultivars, types, and forms (P = 0.05). 
Results and Discussion
Results showed that the piling AoR of rough rice was approximately 3° less than 
the emptying AoR. The emptying AoR for tested long-grain rough rice at 12% to 21% 
MC was in the range of 33° to 40°, while the corresponding piling AoR of rough rice 
ranged from 30° to 37°. The AoR of rice was significantly affected by many factors.
Cultivar Type–Tables 2 and 3 show that hybrid rice cultivars had emptying and 
piling AoR 1° to 3° greater than pure-lines. This is attributed to the pubescent character-
istic of hybrid rice hulls (Fig. 2), which causes the hulls to be prone to greater friction 
than the smooth hull surfaces of pure-lines. 
Kernel Type (Short-, Medium-, or Long-Grain)–As shown in Table 3, long-grain 
cultivars had an emptying and piling AoR 2° to 3° less than medium- and short-grain 
cultivars. Grains with larger particle size tend to have lesser AoR than small-sized and 
less spherical particles and kernels (Ileleji and Zhou, 2008; Gallas and Sokolowski, 
1993). Because the size (particularly the length) of long-grain cultivars was greater 
than that of medium- and short-grain cultivars, the lesser value of AoR for long-grains 
was likely due to the greater length compared to medium- and short-grain cultivars. 
However, both the emptying and piling AoR of medium-grains were similar to those 
of short-grains. 
Processing Form (Rough, Brown, or Milled)–Table 4 shows that of the different 
processing forms, brown rice had the least AoR. Dehulling rough rice to brown rice 
led to a 2° to 3° decrease in the AoR across all the rice lots. Milling the brown rice to 
milled head rice, however, led to a 2° to 3° increase in the AoR. The increase in AoR 
of the head rice and brokens compared to brown rice could possibly be due to removal 
of bran and germ, which have a greater lipid content than endosperm; the lipids may 
serve as inter-particulate lubricants and thus aid the flowing of rice kernels. No sig-
nificant difference in AoR between milled head rice and milled broken rice was found. 
The size difference between head rice and brokens may not be significant enough to 
modify their inter-particulate friction. If the milled broken rice was further milled into 
smaller-sized brokens, or eventually ground to flour, the AoR would be expected to 
increase dramatically. 
Moisture Content–As shown in Table 2, the mean value of pure-line cultivar 
emptying AoR increased from 35° to 38° when MC was increased from 12% to 21%. 
For hybrid cultivars, the mean value of emptying AoR increased from 37° to 39° over 
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the 12% to 21% increase in MC. This increase of AoR with MC is likely due to changes 
in frictional properties that occur with changes in MC.
Significance of Findings
This study provides a near comprehensive tabulation of the values of angle of 
repose, both for emptying and piling configurations, for current cultivars of rice. The 
study also quantifies the impacts of other factors that must be accounted for when de-
signing such rice handling and storage facilities to ensure optimum facility footprints 
and volumes, as well as the slopes of augers and spouts used to transport rice of various 
types, forms, and moisture contents.
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Table 1. Summary of procured rice samples. 
Sample lot Sources† Rice form 
Long-grain cultivars:   
      Pure-line (Cheniere) Stuttgart, Ark. (FP) Rough Rice 
      Pure-line (Diamond) Stuttgart, Ark. (FP) Rough Rice 
      Pure-line (Diamond) Stuttgart, Ark. (FP) Rough Rice 
      Hybrid (CLXL729) Harrisburg, Ark. (FP) Rough Rice 
      Hybrid (RT CLXL745) Harrisburg, Ark. (FP) Rough Rice 
      Hybrid (CLXP4534) Harrisburg, Ark. (FP) Rough Rice 
Medium-grain cultivars:   
       Pure-line (Jupiter) Stuttgart, Ark. (FP) Rough Rice 
       Pure-line (Titan) Stuttgart, Ark. (FP) Rough Rice 
Short-grain cultivars:   
       Pure-line (PREC1099) Stuttgart, Ark. (FP) Rough Rice 
       Pure-line (Akita) Richvale, Calif. (FP) Rough Rice 
       Pure-line (S-102) Richvale, Calif. (FP) Rough Rice 
Long-grain cultivars:   
       Hybrid (RT CLXL745) Stuttgart, Ark. (CM) Rough rice, brown rice, 
head rice, brokens 
       Pure-line (CL 151) Stuttgart, Ark. (CM) Rough rice, brown rice, 
head rice, brokens 
Medium-grain cultivar:   
       Pure-line (Jupiter) Stuttgart, Ark. (CM) Rough rice, brown rice, 
head rice, brokens 
† FP designates that the lot was procured from a ﬁeld plot. CM designates that 
  the lot was procured at a commercial mill at Stuttgart, Arkansas. 
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Table 2. Angle of repose (AoR) of long-grain rough rice for 
different rice cultivars and moisture contents.† 
Cultivar 
type Cultivar 
Type of 
AoR 
Moisture content (%, wet basis) 
12 15 18 21 
Pure-line Cheniere Emptying 35 37 38 38 Piling 31 33 33 33 
Pure-line Diamond Emptying 33 35 35 38 Piling 31 33 33 34 
Pure-line Roy J Emptying 36 35 36 37 Piling 32 33 33 34 
       
Pure-line Mean Emptying 35 A 36 B 36 B 38 B Piling 31 a 33 b 33 b 34 b 
       
Hybrid CLXL729 Emptying 36 38 37 38 Piling 32 34 35 35 
Hybrid RT CLXL745 Emptying 37 38 39 39 Piling 34 35 36 36 
Hybrid CLXP4534 Emptying 37 39 40 40 Piling 32 36 37 37 
       
Hybrid Mean Emptying 37 A 38 B 39 B 39 B Piling 33 a 35 b 36 b 36 b 
† Means of emptying AoR in columns with different capital letters are 
  signiﬁcantly different (P = 0.05) and means of piling AoR in columns 
  with different lowercase letters are signiﬁcantly different (P = 0.05). 
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Table 3. Angle of repose (AoR) of long-, medium-, and short-
grain rough rice for different rice types and cultivars 
at 12% moisture content.† 
Cultivar 
type Rice type Cultivar 
Emptying 
AoR (°) 
Piling 
AoR (°) 
Pure-line Long-grain Cheniere 35 31 
Pure-line Long-grain Diamond 33 31 
Pure-line Long-grain Roy J 36 32 
Pure-line Long-grain Mean 35 a 31 a 
     
Hybrid Long-grain CLXL729 36 32 
Hybrid Long-grain CLXL745 37 34 
Hybrid Long-grain CLXP4534 37 32 
Hybrid Long-grain Mean 37 b 33 b 
     
Pure-line Medium-grain Jupiter 39 36 
Pure-line Medium-grain Titan 38 36 
Pure-line Medium-grain Mean 38 b 36 b 
     
Pure-line Short-grain PREC 1099 39 36 
Pure-line Short-grain Akita 37 35 
Pure-line Short-grain S 102 38 37 
Pure-line Short-grain Mean 38 b 36 b 
† Means within columns with different letters are signiﬁcantly different 
  (P = 0.05). 
 
Table 4. Effect of processing rice into different forms on 
angle of repose (AoR) of rice.† 
Cultivar 
type Rice type Cultivar Rice form 
Emptying  
AoR (°) 
Piling  
AoR (°) 
Pure-line Long-grain CL 151 Rough 38 32 
   Brown 36 30 
   Milled head 39 35 
   Milled brokens 39 34 
      
Hybrid Long-grain RT CLXL745 Rough 38 35 
   Brown 36 30 
   Milled head 38 33 
   Milled brokens 37 34 
      
Pure-line Medium-grain Jupiter Rough 38 36 
   Brown 35 32 
   Milled head 37 32 
   Milled brokens 37 34 
† All the rice samples used to compile Table 4 were procured from a commercial mill 
  (Table 1); the rough rice moisture content was approximately 12.5%. 
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Fig. 1. Apparatus used for measuring the Angle of Repose (AoR) of rice. (a) assembly of 
the apparatus, (b) schematic of the apparatus. 
Fig. 2. Surface characteristics for hulls of pure-line (a, b, c) and hybrid (d, e, f) 
rice cultivars under a microscope (20X). 
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ECONOMICS
World and U.S. Rice Baseline Outlook, 2018–20281
A. Durand-Morat2, E.C. Chavez2, and E.J. Wailes2
Abstract
International rice prices strengthened during the spring of 2018 in response to increas-
ing import demand in Southeast Asia, but the impact was short-lived and export prices 
subsided sharply since then. Asian rice remains very competitive relative to Western 
Hemisphere origins (e.g., U.S. and Mercosur), with the gap between Thai and U.S. 5% 
long-grain rice estimated at $100 per metric ton (mt) at the end of 2018. Over the next 
decade, the average global rice price is projected to increase steadily at 1.35% annu-
ally, as net global trade grows at 1.56% and global stocks become relatively tighter 
over the same period. Thailand and India maintain their dominant role in global trade 
as the top rice exporters, followed by Vietnam, Pakistan, Myanmar, and the U.S. The 
People’s Republic of China (PRC) and Nigeria remain the major global rice import-
ers. The growth in global trade over the next decade is accounted for by expansion in 
export shipments from Thailand, India, Vietnam, Cambodia, U.S. and Myanmar; and 
strong import demand from countries in Western Africa and the Middle East. Most 
of the 0.43% annual compounded growth in global rice production comes from yield 
improvements, as harvested area remains relatively stagnant. However, the growth in 
consumption is expected to outpace the growth in production, causing global stocks to 
decline annually by 0.70% over the baseline period. Population remains the primary 
driver of the 0.80% annual average growth in global rice consumption as average per 
capita use declines at 0.26% annually. Lastly, stochastic estimates of selected variables 
are included in this report to provide a better understanding of the probable distribution 
of future outcomes.
Introduction
This document contains baseline rice projections from the Arkansas Global Rice 
Economics Program (AGREP) in the Department of Agricultural Economics and Agri-
business at the University of Arkansas System Division of Agriculture in Fayetteville. 
The purpose of this outlook is to present the current state and expected directions of 
1 This material is based upon work supported in part with funding provided by the rice producers of 
Arkansas through the rice check-off funds administered by the Arkansas Rice Research and Promotion 
Board.
2 Assistant Professor, Program Associate III, and Distinguished Professor Emeritus, respectively, 
Department of Agricultural Economics and Agribusiness, Fayetteville.
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the rice economies in the world over the next decade by assessing potential supply and 
demand behaviors. While the projections are not necessarily predictions, we include 
probability estimates of certain key variables that could be used to indicate inherent 
risks in the global rice market.
Thailand, India, Vietnam, Pakistan, Myanmar, and the U.S. are the top export-
ers in the international rice market, accounting for 79% of global net trade. With the 
country’s projected strong output expansion, Myanmar continues to rank as the fifth 
largest global rice exporter, thus replacing the U.S. which held that position in the 
past. India’s sustained production growth in the last decade is expected to continue in 
the future, keeping a steady excess supply of more than 12 million metric tons (mmt). 
Thailand recovered from the price support policies maintained between 2011 and 2014 
that undermined its export competitiveness, and is projected to remain a large and reli-
able exporter over the next decade.
Procedures
The baseline estimates presented in this report are generated using the Arkansas 
Global Rice Model (AGRM), a partial equilibrium, non-spatial, multi-country/regional 
statistical simulation and econometric framework developed and maintained by AGREP. 
The model covers 70 countries and regions that produce and consume rice, and gener-
ates rice supply and demand for each one.
Most of the details and the theoretical structure and the general equations of the 
AGRM, with the exception of countries estimated later, can be found in the online 
documentation by Wailes and Chavez (2011). The historical rice data comes from 
USDA-FAS (2019a, 2019b) and USDA-ERS (2019); and the macro data comes from 
the Food and Agricultural Policy Research Institute (FAPRI)-Missouri. The baseline 
projections are grounded in a series of assumptions as of January 2019 about the general 
economy, agricultural policies, weather, and technological change. The basic assump-
tions include the following: continuation of existing policies, current macro-economic 
variables, no new World Trade Organization (WTO) trade reforms, and average normal 
weather conditions. 
In light of the volatility of the global rice economy, included in this report are 
stochastic estimates of selected variables using 300 random draws based on historical 
yields to provide a better understanding of the probable distribution of future outcomes. 
The stochastic estimates establish the likely upper and lower bounds for selected vari-
ables, which serve as indications of inherent risks associated with the rice economy.
Results and Discussion3 
International rice prices strengthened during 2017 and the first semester of 2018 
due to a series of events, including large import growth from Bangladesh and Sri Lanka 
in 2017 due to weather events that led to significant production shortfalls, and a small 
3 Although complete baseline projections for supply and demand variables are generated for all 70 coun-
tries/regions covered by AGRM, only selected variables for major countries are discussed in this report 
due space consideration.
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2017 U.S. rice crop. For example, the Food and Agriculture Organization's (FAO) all 
rice price index increased 21% by June 2018 relative to its average 2016 value (FAO, 
2019). Thai rice prices have been very competitive relative to Vietnamese rice prices in 
the last two years, but since December 2018 Vietnamese prices decreased significantly 
relative to Thai prices due to reduced shipments to Peoples Republic of China (PRC) 
(USDA-ERS, 2019). According to the Live Rice Index (2019), in February 2019 the 
Free On Board (FOB) price of Vietnamese long grain rice 5% broken was almost $50 
per metric ton (mt) or 12% cheaper than Thai long-grain rice with 5% broken. Over 
the next decade, the average global rice price is projected to increase steadily at 1.35% 
annually, as total global net trade grows at 1.56% over the same period. Major rice-
deficit countries continue to resort to importation as domestic production falls short of 
domestic demand despite efforts to attain self-sufficiency. On average, the long-grain 
rice international reference price, represented by the Thai100 FOB, increases from 
$403 per mt (2016–2018 average) to $461 per mt in 2028. Over the same period, the 
average international price for medium-grain rice is projected to remain high ranging 
from $784 per mt (2016–2018 average) to $842 per mt in 2028 (Table 1), as export 
supplies continue to be limited by water-related production constraints in Australia and 
Egypt which are traditional medium-grain suppliers. Depending on how this situation 
plays out going forward, it could potentially open up export opportunities for U.S. 
medium-grain producers. 
The Western Hemisphere long-grain prices, represented by the U.S. No. 2–4% 
FOB Gulf remains substantially higher than Asian long-grain rice, with average mar-
gins to Asian prices reaching as high as $181 per mt in 2017 and $167 in 2018. The 
margin is expected to narrow steadily over the baseline, reaching $109 by 2028 (Table 
1), which is consistent with the expected impact of the increasing inroads of Asian rice, 
particularly from Vietnam, into the Latin American markets. However, convergence 
of the two prices is not likely since U.S. rice exports benefit greatly from preferential 
access in its core rice markets (e.g., Mexico, Central America, and Colombia).
Over the next decade, India and the PRC will remain the major players in the 
global rice economy. On average, the two countries combined are projected to account 
for nearly 36% of the world population from 2018 to 2028. Over the same period, they 
will have an average combined global rice share of close to 45% of area harvested, 51% 
of total production, 49% of consumption, and 82% of stocks.  
Global rice output is projected to continue expanding over the next decade, 
driven by the use of higher-yielding varieties and hybrids and other improved produc-
tion technologies—in line with more focused self-sufficiency programs of the major 
consuming countries. World rice production expands by nearly 22.0 mmt over the next 
decade, equivalent to an annual growth of 0.43%, reaching 515.7 mmt in 2028 (Table 
2). The world rice area remains relatively stagnant over the same period as the expected 
substantial decline in PRC’s area (2.4 million hectares) overshadows the combined area 
expansion in other countries.
By volume, about 40% of the expected net growth in global rice output over the 
next decade will come from India; and the rest mainly from seven countries that include 
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Thailand, Bangladesh, Myanmar, Indonesia, the Philippines, Cambodia, and Vietnam. 
However, the rice output of the PRC is projected to decline by a total of 11.7 mmt; and 
those of Japan and South Korea decline by 1.0 mmt combined, over the same period. 
Total U.S. rice production, on the other hand, is projected to increase by a total of 
933 thousand metric tons (tmt) over the same period, equivalent to an average annual 
growth of 1.3% (Table 3). 
Over the next decade, world rice consumption will remain driven by income, 
population, and other demographic variables. In some Asian countries where rice is 
considered an inferior good, rising incomes continue to dampen rice demand. These 
countries include Japan, Taiwan, PRC, and South Korea. Demographic trends also 
weaken rice demand, as aging populations and increased health-consciousness cause 
a shift in preferences away from carbohydrates and towards protein-based diets. Over 
the baseline, global rice consumption is projected to increase by nearly 40 mmt reach-
ing 522.6 mmt in 2028, equivalent to an annual growth of 0.8%. This growth in global 
demand is due solely to population growth, as the average per-capita use of rice is 
projected to decline by 0.26% a year in the next decade (Table 2).
About 21% of the net growth in global rice consumption is accounted for by India; 
21% by the three countries of Bangladesh, Indonesia, and the Philippines combined; 
and 23% by the Economic Community of West African States (ECOWAS)4. The U.S. 
rice total consumption increases by 382 tmt over the same period, reaching 4.6 mmt 
in 2028 or an annual growth of 0.86%; of which about 0.7% comes from population 
growth and the rest from per capita use.  
Net global rice trade expands 1.56% annually over the baseline period, reaching 
48.8 mmt in 2028 compared to the three-year (2016–2018) average of 41.8 mmt (Table 
1). On the exporters’ side, the significant investment in production and processing ca-
pacity in the Mekong Delta in Vietnam, Cambodia, and Myanmar bodes well for these 
countries’ increasing role as important global rice suppliers over the next decade. As 
low-cost producers, these countries are well-poised geographically to supply the rela-
tively steady Chinese rice market. The productivity gains from hybrids and the Global 
Rice Science Partnership (GRiSP) research are also expected to have positive impacts 
on Asian and African rice economies over the next decade.
Over the next decade, Thailand is projected to maintain its strong presence in the 
international rice market given its good infrastructural resources and concerted focus on 
developing branded high quality rice—and is projected to regain its top position in terms 
of total exports by the end of the same period. However, India is expected to remain 
the leading net exporter of rice owing to its steady and impressive production growth.
For the U.S., net rice trade increases by 728 tmt over the next decade, reaching 
3.08 mmt in 2028. For reference purposes, a detailed U.S. rice supply and use in English 
units, in rough rice equivalent, is presented in Table 3. Over the next decade, Cambodia 
and Myanmar are both expected to assume increasing roles as global rice suppliers. 
Cambodia’s exports are projected to grow at 5.7% per year, reaching 1.94 mmt in 2028 
4 Benin, Burkina Faso, Cape Verde, Cote d’Ivoire, Gambia, Ghana, Guinea, Guinea-Bissau, Liberia, 
Mali, Niger, Nigeria, Senegal, Sierra Leone, and Togo.
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(from 1.12 mmt in 2016–2018) as both area and yield growth cause production to ex-
ceed consumption consistently. Myanmar’s exports, on the other hand, are projected 
to expand from 2.98 mmt (2016–2018 average) to 3.72 mmt in 2028, supported by 
yield-based growth in production. 
On the import side, PRC and Nigeria are expected to remain the top importers 
over the baseline period. The PRC remains an important major rice importer, although 
its imports are relatively flat around its tariff rate quota (TRQ) level as it maintains a 
reasonable stock holding. In February 2019, the World Trade Organization ruled in favor 
of a 2016 U.S. complaint that China has consistently exceeded its WTO agricultural 
subsidy limits. Such a ruling can have significant implications for the Chinese and 
global rice markets, including China’s rice imports, in the coming years. In general, 
expansion in imports is associated with a combination of relatively fast population 
growth and lagging production relative to consumption. An example is Nigeria with 
imports expanding at 4.93%/year, driven by the 2.47% population-led growth in con-
sumption that exceeds the 1.41% growth in output. The rest of the Western Africa and 
the Middle East show strong expansion in import demand. Depending on how it plays 
out, the Philippines’ exploratory plan to end its quantitative restrictions on imports 
could have potential boost on global trade specifically favoring Vietnam and Thailand 
exports (USDA-FAS, 2018).
Global rice stocks-to-use ratio is projected to decline slightly over the next decade, 
from about 0.26 in 2018 to 0.22 in 2028, reflecting the relatively faster growth in total 
global rice consumption relative to the gains in total global rice output. The share of 
stocks held by the top five exporting countries is projected to decline from 18% in 2016 
to 2018 to 14% in 2028, led primarily by a steady decline in stocks in India.
The rice economy, being highly-dependent on weather and water availability, 
is characterized by relatively high volatility. As such, stochastic estimates of selected 
variables are included in this report to provide a better understanding of the probable 
distribution of future outcomes (Figs. 1 through 5). The stochastic estimates establish 
the likely upper and lower bounds of values for selected variables, which are useful 
indications of risks and uncertainties associated with rice production and the rice 
economy as a whole.
Significance of Findings
Understanding the market and policy forces that drive the global rice market are 
beneficial for Arkansas rice producers and other stakeholders. This is especially true 
because Arkansas is the top rice-producing state in the U.S., accounting for nearly 
47% of the country’s rice output (2016–2018 average) and about one half of Arkansas 
annual rice crop is exported. Market prices received by the Arkansas rice producers 
are primarily determined by the dynamics that play out in the international rice trade. 
These include changes in rice production and consumption patterns, the economics of 
alternative crops, domestic and international rice trade policies, as well as the general 
macroeconomic environment under which global rice trade is transacted. While the re-
sults presented in this outlook are not predictions, they can be considered as a synthesis 
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of the combined impacts of these factors, indicative of what could happen over the next 
decade, and could serve as baseline reference for further analysis. The estimates are 
intended for use by government agencies and officials, farmers, consumers, agribusi-
nesses and other stakeholders that conduct medium- and long-term planning that may 
include rice component in their work.
Acknowledgments
The authors wish to thank the University of Arkansas System Division of Agricul-
ture for its support as well as the Arkansas rice farmers who provided support through 
the Arkansas Rice Research and Promotion Board, which provided part of the funding 
for the annual development, update, and maintenance of the AGRM. The model was 
updated three times in 2018 and once in February 2019 in collaboration with FAPRI-
Missouri which provided the major portion of the funds for the global rice modeling 
program of AGREP. The most recent enhancement of the AGRM includes: enhancing 
and re-estimating the rice consumption for the PRC; and adding original sub-models 
for three new African countries, and one new Asian country. The current version of the 
expanded AGRM now covers 70 countries and regions.
Literature Cited
FAO. Food and Agriculture Organization. 2019. FAO Rice price Update February 
2019. Accessed 5 March 2019. http://www.fao.org/economic/est/publications/rice-
publications/the-fao-rice-price-update/en/ 
Live Rice index. 2019. Rice price History. Accessed 5 March 2019. https://livericein-
dex.com/ 
USDA-ERS. 2019. United States Department of Agriculture, Economic Research 
Service. Rice Outlook. RCS-19B (by Nathan Childs and Sharon Raszap Skorbi-
ansky), February 12, 2019. Accessed 12 February 2019. https://downloads.usda.
library.cornell.edu/usda-esmis/files/dn39x152w/tq57nx645/gb19fc639/rcs-19b.pdf
USDA-FAS. 2018. United States Department of Agriculture, Foreign Agricultural 
Service. Vietnam Grain and Feed Update Quarterly, January 2018. Gain Report 
No. VM7070. Accessed 27 February 2019. https://gain.fas.usda.gov/Recent%20
GAIN%20Publications/Grain%20and%20Feed%20Update%20Quarterly_Ha-
noi_Vietnam_1-5-2018.pdf
USDA-FAS. 2019a. United States Department of Agriculture, Foreign Agricultural 
Service. World Agricultural Supply and Demand Estimates. WASDE-585. Accessed 
8 February 2019. https://www.usda.gov/oce/commodity/wasde/wasde0219.pdf
USDA-FAS. 2019b. United States Department of Agriculture, Foreign Agricultural 
Service. Production, Supply, and Distribution (PSD) Online. Accessed 8 February  
2019. https://apps.fas.usda.gov/psdonline/app/index.html#/app/advQuery
Wailes, E.J. and E.C. Chavez. 2011. “2011 Updated Arkansas Global Rice Model”. 
University of Arkansas Department of Agricultural Economics and Agribusi-
ness, Division of Agriculture Staff Paper 2011-01. http://ageconsearch.umn.edu/
handle/102650
  AAES Research Series 659
418
Table 1. Projected changes in rice net trade by country (in 1000 metric tons) 
and international reference prices. 
Country 
2016–
2018 2028 Change Country 
2016–
2018 2028 Change 
Net Exporters 
Argentina 341 393 52 Thailand 10,647 12,871 2224 
Australia 3 83 80 United States 2360 3087 728 
Cambodia 1097 1920 823 Uruguay 867 953 86 
Lao PDR -36 107 143 Vietnam 6259 6930 671 
Egypt -240 -980 -740 Brazil 264 786 522 
India 12,157 12,943 786 Paraguay 599 891 292 
Myanmar 2973 3707 734 Guyana 455 695 240 
Pakistan 4019 4372 354     
Total Net Exportsa 41,765 48,760 6994 
Net Importers 
Bangladesh 1288 1600 313 South Korea 367 409 42 
PRC 3636 2565 -1071 Taiwan 78 76 -2 
Brunei 47 58 11 Tanzania 200 617 417 
Cameroon 625 925 300 Turkey 250 228 -22 
Canada 371 463 93 Other Africa 2591 3062 471 
Hong Kong 335 399 64 Other Americas 225 309 84 
Colombia 134 200 66 Other Asia 1637 1826 189 
Cote d'Ivoire 1310 2059 749 Other Europe 112 169 57 
EU 28 1607 1682 75 Other Oceania 46 60 14 
Ghana 660 737 77 ECOWAS 7b 2085 3604 1519 
Guinea 687 1509 823 Madagascar 435 640 205 
Indonesia 1148 1957 809 Malawi 15 45 30 
Iran 1433 1731 297 Zambia 10 12 2 
Iraq 1173 1558 385 Rwanda 40 205 165 
Japan 633 612 -21 Uganda 82 200 119 
Kenya 692 1143 451 Cuba 508 514 6 
Liberia 343 517 174 Costa Rica 145 153 8 
Malaysia 900 919 19 Dominican R. 20 69 50 
Mali 243 739 495 Guatemala 95 131 36 
Mexico 759 836 77 Honduras 123 267 144 
Mozambique 730 1161 431 Nicaragua 77 89 12 
Nigeria 2233 3615 1382 Panama 77 60 -17 
Philippines 1567 2025 458 Chile 151 188 37 
Saudi Arabia 1248 1473 225 Peru 245 249 4 
Senegal 1157 1756 600 Haiti 503 619 116 
Sierra Leone 373 382 9 Venezuela 412 681 269 
Singapore 326 335 9 Sri Lanka 465 136 -329 
South Africa 865 1061 196 Residual 4250 126 -4124 
Total Net Importsa 41,765 48,760 6994 
Prices (US$/metric ton) 
International Rice Reference Price 402.7 461 58 
U.S. FOBc Gulf Ports 550.3 569 19 
U.S. No. 2 Medium FOB CA 784.0 842 58 
a Total net exports are the sum of all positive net exports and negative net imports. 
b Economic Community of West African States (Benin, Burkina, Gambia, Guinea-Bissau, 
  Niger, Togo, and Cape Verde). 
c FOB = Free On Board. 
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Table 2. Projected world rice supply and utilization 
(in 1000 metric tons) and macroeconomic data. 
Variable 2016–2018 2028 Change 
Area harvested (1000 ha)a 162,569 162,830 261 
Yield (kg/ha) 3038 3167 129 
Production 493,958 515,746 21,789 
Beginning stocks 151,422 152,398 976 
Domestic supply 645,379 668,144 22,765 
    
Consumption 482,703 522,612 39,909 
Ending stocks 159,776 148,963 -10,813 
Domestic use 642,479 671,575 29,096 
Total trade 47,542 55,944 8402 
Stocks-to-use ratio (%) 24.9% 22.2% -2.7% 
    
Annual population growth 1.1% 0.9%  
Annual real GDPb growth 3.0% 3.0%  
a ha = hectare; kg = kilogram. 
b GDP = Gross domestic product. 
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Table 3. U.S. rice supply and utilization [in paddy basis and million 
hundredweight (cwt) unless specified otherwise], prices, and macro data. 
Variable 2016–2018 2028 Change 
Yield (lb/ac, paddy basis) 7478.8 8477.1 998.3 
Total harvested area (million ac) 2795.3 2810.4 15.1     
Supply 275.8 322.9 47.1 
Production 208.8 238.2 29.4 
Beginning stocks  40.6 57.5 16.9 
Imports 26.3 27.2 0.9 
Domestic use 134.3 146.4 12.1 
Food  108.0 125.3 17.3 
Seed  2.1 2.3 0.2 
Brewing  19.4 20.1 0.7 
Residual 4.8 -1.3 -6.1 
Exports 100.6 124.4 23.8 
Total use 234.9 270.8 35.9 
Ending stocks 40.8 52.1 11.3 
Stocks-to-use ratio 17.3% 19.3% 2.0% 
Market Prices (US$/cwt) 
Loan Rate  6.5 7.0 0.5 
Season avg. farm price  11.7 13.1 1.4 
    Long-grain farm price 10.6 12.2 1.6 
    Medium-grain farm price  15.3 16.1 0.8 
    Japonica farm price 17.0 17.4 0.3 
    Southern medium-grain farm price 11.3 12.8 1.5 
Reference Prices (US$/cwt) 
    Long-grain farm price 14.0 14.0 0.0 
    Southern medium-grain farm price 14.0 14.0 0.0 
    Japonica  16.1 16.1 0.0 
Export price, FOBa Houston  (U.S. No. 2) 25.0 25.8 0.9 
Medium-grain price, FOBa CA (U.S. No. 2) 35.6 38.2 2.6 
Average world price  (US$/cwt) 9.5 10.5 1.0 
Income Factors (Million U.S. Dollars) 
Production market value  2464.3 3135.0 670.7 
Program payment 611.4 339.1 -272.3 
Total income 3075.8 3474.1 398.3 
Market returns above variable cost (US$/ac) 386.1 443.1 57.0 
Total returns above variable cost (US$/ac) 601.3 443.1 -158.2 
    
Per capita use (lb/capita) 28.8 29.2 0.4 
    
Population growth 0.7% 0.6% -0.1% 
Real GDP growth 2.2% 2.0% -0.2% 
a FOB = Free On Board.    
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 Fig. 1. Stochastic projections of long-grain rice international reference price 
(U.S. dollars/metric ton), 2016-2028.
 Fig. 2. Stochastic projections of U.S. long-grain rice export price, free on board export 
price (U.S. dollars/metric ton), 2016–2028.
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 Fig. 3. Stochastic projections of medium-grain rice mill price, free on board California 
(U.S. dollars/metric ton), 2016–2028.
 Fig. 4. Stochastic projections of world rice net trade (million metric tons), 2016–2028.
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 Fig. 5. Stochastic projections of U.S. rice net exports (thousand metric tons), 2016-2028.
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Efficiency Measurement of Irrigation Water and Other Inputs 
in Arkansas Rice Production Using Data from 
the Rice Research Verification Program
K.B. Watkins1, C.G. Henry2, J.T. Hardke3, R.U. Mane4, R. Mazzanti3, and R. Baker5
Abstract
Irrigation water is a significant input in Arkansas agricultural production, and rice re-
quires more water than any other field crop grown in the state. Rice is also a high-cost 
crop relative to other field crops. This study measures the technical efficiency of irrigation 
water and other important inputs in rice production using Data Envelopment Analysis 
and data from 142 fields enrolled in the University of Arkansas System Division of 
Agriculture's Rice Research Verification Program for the period 2005 to 2017. Average 
irrigation water technical efficiency for all 142 fields is 0.627, indicating irrigation water 
is over-applied on average by 37.3% across all 142 fields. A large portion of fields in 
the analysis (60 out of 142 fields or 42.3% of the fields evaluated) have irrigation water 
efficiencies less than 0.5, indicating many fields are over-applying irrigation water by 
over 50%. Irrigation water efficiency has a high positive correlation with both diesel 
and labor efficiency, providing evidence that good irrigation water management can 
also lead to better management of these key production inputs and improved profit 
margins for rice producers.
Introduction
Irrigation water is a significant component of agriculture in Arkansas. Arkansas 
currently ranks third behind Nebraska and California in irrigated cropland area (USDA- 
NASS, 2014). Groundwater is the largest source of irrigation water in Arkansas, and 
approximately 94% of all groundwater used for irrigation comes from the Mississippi 
River Valley alluvial aquifer (Kresse et al., 2014). Large groundwater withdrawals are 
1 Professor, Department of Agricultural Economics and Agribusiness, Rice Research and Extension 
Center, Stuttgart.
2 Associate Professor and Water Management Engineer, Department of Biological and Agricultural 
Engineering, Rice Research and Extension Center, Stuttgart.
3 Rice Extension Agronomist, Rice Verification Program Coordinator, respectively, Department of Crop, 
Soil, and Environmental Sciences, Rice Research and Extension Center, Stuttgart.
4 Assistant Professor, University of Arkansas, Pine Bluff.
5 Rice Verification Program Coordinator, Department of Crop, Soil, and Environmental  
Sciences, Piggott.
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placing significant downward pressure on this economically important source of irriga-
tion water, and rice accounts for a significant portion of the groundwater withdrawn. 
Rice is also a high-cost crop relative to other field crops grown in the U.S., such as 
cotton, corn, soybean, and wheat (Baldwin et al., 2011). Energy inputs (irrigation fuel, 
machinery fuel and nitrogen fertilizer), and herbicides are the primary inputs making 
rice more costly than other field crops grown in Arkansas. Rice is very susceptible to 
narrowing profit margins due to its high dependence on energy related inputs. 
Declining groundwater availability negatively impacts the future sustainability 
of Arkansas rice production and places weight on adoption of production practices that 
utilize irrigation water more efficiently. Periods of low farm prices and narrow profit 
margins also make rice producers in Arkansas more dependent on production systems 
that utilize inputs efficiently. This analysis quantifies technical efficiency of rice produc-
tion inputs at the field-level using non-radial technical efficiency. Non-radial technical 
efficiency allows the user to calculate efficiency scores for each production input used 
on the field. Data for the study come from 142 fields enrolled in the University of Ar-
kansas System Division of Agriculture's Rice Research Verification Program (RRVP). 
Procedures
This study uses data envelopment analysis (DEA) to calculate non-radial technical 
efficiency scores for inputs used on rice fields enrolled in the RRVP. Data envelopment 
analysis is a linear programming (LP) approach for measuring relative efficiency among 
a set of decision-making units (rice fields in this case) and allows for incorporation of 
multiple inputs and outputs. Non-radial technical efficiency for a given field and for 
each input used on the field is found by solving the following LP minimization problem 
(Fernandez-Cornejo, 1994; Piot-Lepetit et al., 1997):
subject to:
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁% = 𝑚𝑚𝑚𝑚𝑚𝑚*+,-. /
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where NRTEo = the overall non-radial technical efficiency for field o, θoj = the 
non-radial technical efficiency for variable input j on field o, i = 1 to I fields; j = 1 to J 
variable inputs; m = 1 to M fixed inputs; k = 1 to K outputs; λi = the nonnegative weights 
for I fields; xij = the amount of variable input j utilized on field i; xoj = the amount of 
input j used on field o; zim = the amount of fixed input m utilized on field i; zom = the 
amount of fixed input m used on field o; yik = the amount of output k produced on field 
i; and yok = the amount of output k produced on field o.  Each θoj takes on a value be-
tween 0 and 1, with θoj = 1 indicating variable input j is technically efficient, while θoj 
< 1 indicating variable input j is technically inefficient, with the level of inefficiency 
(or overuse of input j) equal to 1 – θoj.
Data for the analysis were obtained from 142 RRVP rice fields enrolled in 2005 
through 2017 for which water usage was measured for the growing season using flow 
meters (Table 1). Output for the DEA analysis is measured as the value of rice production 
(rice yield × milling yield adjusted rice price × field size). Inputs for the DEA analysis 
are partitioned into variable and fixed inputs. Variable inputs include irrigation water 
(acre-inches), nitrogen (lb N/ac), herbicides ($), machinery diesel (gallons), machinery 
labor (hours) and other inputs ($). The “other inputs” category includes costs for seed, 
insecticide, fungicide, phosphorus, potassium, other soil amendments (chicken litter, 
zinc, urease inhibitors) and custom applications. Many inputs in the “other inputs” cat-
egory are used on an “as needed” basis. Fixed inputs for the DEA analysis include field 
size (acres) and fixed expenses ($). Fixed expenses are comprised of capital recovery 
expenses for machinery and irrigation equipment. All monetary variables are adjusted 
to 2017 dollars using the Producer Price Index.
Results and Discussion
Summary statistics of input efficiencies and overall field efficiency (NRTE) are 
also presented in Table 2. Overall field efficiency is calculated as the sum of each in-
dividual efficiency score for the field divided by the number of inputs. In this way, the 
contribution of each input to NRTE can be evaluated, with inputs having higher (lower) 
input efficiencies contributing more (less) to NRTE. Irrigation water is the third largest 
contributor to overall efficiency with an average efficiency of 0.627. “Other inputs” and 
nitrogen fertilizer with average efficiencies of 0.801 and 0.749, respectively, contribute 
more to overall efficiency than irrigation water. In contrast, labor, diesel, and herbicides 
with average efficiencies of 0.411, 0.454, and 0.536, respectively, contribute less to 
overall efficiency than irrigation water. All rice inputs in Table 2 exhibit inefficiencies 
on average. Average irrigation water inefficiency across all 142 fields is 0.373, indicat-
ing irrigation water is over-applied on average by 37.3%. Labor is the most inefficient 
input with overuse on average by 58.9%, while “other inputs” is the least inefficient 
input by being overused on average by 19.9%. 
Distributions of input efficiency scores are reported by efficiency range in Table 
3. A field exhibits efficiency for a particular input when the input efficiency score for 
that particular input is equal to one. Thirty-four fields (23.9%) are efficient in irrigation 
water application, 36 fields (25.4%) are efficient in nitrogen fertilizer application, 49 
fields (34.5%) are efficient in “other inputs” application, 25 fields (17.6%) are efficient 
in herbicide application, and 22 fields (15.5%) are efficient in both diesel and labor 
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usage. However, the majority of fields in the study exhibit some level of input inef-
ficiency with input efficiency scores <1. For example, 76.1% of fields are inefficient in 
irrigation water application, 82.4% are inefficient in herbicide application, and 84.5% 
of fields are inefficient in both diesel and labor usage. Sixty fields out of 148 (42.3%) 
have irrigation water efficiencies less than 0.5, indicating that a large portion of the 
fields are over-applying irrigation water by over 50%. However, the incidence of input 
over-application is much greater for other key rice inputs, such as herbicides, diesel, and 
labor. Input efficiency scores for these key rice inputs are below 0.5 for the majority of 
fields evaluated in the study; 59.8% of fields have herbicide efficiencies less than 0.5; 
72.6% of fields have diesel efficiencies less than 0.5; and 75.3% of fields have labor 
efficiencies less than 0.5. “Other inputs” and nitrogen fertilizer have the lowest numbers 
of fields with efficiency scores less than 0.5; 21.1% of fields with “other input” effi-
ciency scores less than 0.5; 27.4% of fields with nitrogen efficiency scores less than 0.5.
Pairwise correlations of input efficiencies are presented in Table 4. All input 
efficiencies are significant and positively correlated to one another and with NRTE, 
implying that increasing the efficiency of one input will also increase the efficiency of 
other inputs as well as the overall efficiency of the field. Diesel efficiency, labor effi-
ciency, herbicide efficiency, and irrigation water efficiency are more strongly correlated 
with NRTE, 0.941, 0.933, 0.901, and 0.831, respectively, than are nitrogen fertilizer 
efficiency and “other inputs” efficiency of 0.558 and 0.774, respectively. These results 
suggest greater potential for increasing NRTE by increasing diesel, labor, herbicide, and 
irrigation water efficiencies. Diesel efficiency and labor efficiency have the strongest 
correlation with one another (0.985). Both inputs are directly related to field opera-
tions and thus, their efficiencies are highly correlated. Irrigation water efficiency has a 
stronger correlation with diesel and labor efficiency than with other input efficiencies. 
These findings provide evidence that management practices increasing irrigation water 
efficiency will also tend to increase diesel and labor efficiencies. 
Significance of Findings
These results supply evidence of input use inefficiency in Arkansas rice produc-
tion and highlight the need to increase the efficiency of irrigation water and other rice 
production inputs. All input efficiencies are significant and positively correlated to one 
another and with NRTE. Thus increasing the efficiency for one input increases the ef-
ficiency of other inputs. Irrigation water efficiency in particular is highly correlated with 
machinery diesel and labor efficiency, providing evidence that management practices 
improving irritation water efficiency also tend to improve machinery diesel and labor 
efficiency and thus, lead to larger profit margins for rice producers.
Acknowledgments
The authors gratefully acknowledge the Arkansas Rice Research and Promotion 
Board and the University of Arkansas System Division of Agriculture for funding and 
supporting this research.
  AAES Research Series 659
428
Literature Cited
Baldwin, K., E. Dohlman, N. Childs, and L. Foreman. 2011. Consolidation and 
Structural Change in the U.S. Rice Sector. United States Department of Agri-
culture, Economic Research Service, RCS-11d-01, April 2011. Access Date: 
7 September 2018. Available at:  https://www.ers.usda.gov/publications/pub-
details/?pubid=38492
Fernandez-Cornejo, J. 1994. Nonradial technical efficiency and chemical input use in 
agriculture. Agricultural Resource Economics Review 23(1):11-21.
Kresse, T.M., P.D. Hays, K.R. Merriman, J.A. Gillip, D.T. Fugitt, J.L. Spellman, 
A.M. Nottmeier, D.A. Westerman, J.M. Blackstock, and J.L. Battreal. 2014. Aqui-
fers of Arkansas—Protection, Management, and Hydrologic and Geochemical 
Characteristics of Groundwater Resources in Arkansas: U.S. Geological Survey 
Scientific Investigations Report 2014–5149, 2014, 334 p. Access Date: 3 April 
2018. Available at: https://pubs.usgs.gov/sir/2014/5149/
Piot-Lepetit, I., Vermersch, D., Weaver, R.D. 1997. Agriculture’s environmental ex-
ternalities: DEA evidence for French agriculture. Applied Economics 29(3):331-
338.
USDA-NASS. U.S. Department of Agriculture, National Agricultural Statistics Ser-
vice. 2014. Farm and Ranch Irrigation Survey (2014), Volume 3, Special Studies, 
Part 1. U.S. Department of Agriculture, National Agricultural Statistics Service, 
Washington D. C. AC-12-SS-1. November 2014. Access Date: 20 April 2018. 
Available at: https://www.agcensus.usda.gov/Publications/2012/Online_Resourc-
es/Farm_and_Ranch_Irrigation_Survey/fris13.pdf
429
  B.R. Wells Arkansas Rice Research Studies 2018
Table 1. Output, variable input, and fixed input summary statistics of 142 rice fields enrolled 
in the University of Arkansas System Division of Agriculture’s Rice Research 
Verification Program, 2005–2017. 
 
Variable 
 
Mean  
Standard 
deviation 
Coefficient 
of variation 
 
Minimum 
 
Median 
 
Maximum 
Outputa       
    Rice production value ($)b 52,908 35,947 68 14,121 43,653 281,604 
Variable inputs       
    Irrigation (acre-inches) 1520 961 63 138 1329 6674 
    Nitrogen (lb)c 8702 5139 59 1932 7085 41,294 
    Herbicides ($) 3453 2403 70 380 2796 19,610 
    Diesel (gallons)d 460 295 64 56 392 2308 
    Labor (hours)d 45 27 60 5 38 178 
    Other inputs ($)e 9828 7793 79 2293 8137 69,579 
Fixed Inputs       
    Field size (acres) 53 29 55 12 46 235 
    Fixed expenses ($) 4499 2820 63 684 3943 26,354 
a All variables measured in monetary value (rice production value, herbicides, other inputs, and  
  fixed expenses) are adjusted to 2017 U.S. dollars using the Producer Price Index. 
b Rice production value = field yield (bu./acre) x rice price adjusted for milling quality ($/bu.) x field size (ac). 
c Nitrogen is measured in elemental levels or lb N/acre. 
d Diesel (gallons) and labor (hours) for field activities only. 
e Other inputs include costs for seed, insecticide, fungicide, phosphorus, potassium, other soil amendments 
  (chicken litter, zinc fertilizer, urease inhibitors) and custom applications. 
 
Table 2. Input efficiency score summary statistics of 142 rice fields enrolled in the University of 
Arkansas System Division of Agriculture’s Rice Research Verification Program. 
 
Efficiency type 
 
Mean 
Standard 
deviation 
Coefficient 
of variation 
 
Minimum 
 
Median 
 
Maximum 
NRTEa 0.596 0.215 36.1 0.269 0.541 1.000 
Irrigation Water Efficiency 0.627 0.281 44.9 0.148 0.550 1.000 
Nitrogen Efficiency 0.749 0.213 28.5 0.288 0.728 1.000 
Herbicides Efficiency 0.536 0.271 50.6 0.146 0.445 1.000 
Diesel Efficiency 0.454 0.274 60.4 0.088 0.346 1.000 
Labor Efficiency 0.411 0.296 72.1 0.076 0.287 1.000 
Other Inputs Efficiency 0.801 0.203 25.4 0.356 0.854 1.000 
a NRTE = Overall field non-radial technical efficiency. 
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Table 3. Distributions of input efficiency scores by efficiency range across 
142 rice fields enrolled in the University of Arkansas System Division of 
Agriculture’s Rice Research Verification Program. 
Efficiency 
range 
 
NRTE a 
Irrigation water  
efficiency 
Nitrogen  
efficiency 
Herbicide  
efficiency 
 Number Percent Number Percent Number Percent Number Percent 
= 1.0 22 15.5 34 23.9 36 25.4 25 17.6 
> 0.9 < 1.0 1 0.7 6 4.2 13 9.2 3 2.1 
> 0.8 < 0.9 2 1.4 8 5.6 12 8.5 5 3.5 
> 0.7 < 0.8 10 7.0 11 7.7 17 12.0 2 1.4 
> 0.6 < 0.7 18 12.7 7 4.9 25 17.6 11 7.7 
> 0.5 < 0.6 35 24.6 16 11.3 20 14.1 11 7.7 
> 0.4 < 0.5 26 18.3 24 16.9 11 7.7 30 21.1 
> 0.3 < 0.4 25 17.6 17 12.0 7 4.9 26 18.3 
< 0.3 3 2.1 19 13.4 1 0.7 29 20.4 
Efficiency 
range 
Diesel       
efficiency 
Labor         
efficiency 
Other Input 
efficiency   
 Number Percent Number Percent Number Percent 
  
= 1.0 22 15.5 22 15.5 49 34.5   
> 0.9 < 1.0 1 0.7 1 0.7 16 11.3   
> 0.8 < 0.9 0 0.0 2 1.4 11 7.7   
> 0.7 < 0.8 4 2.8 2 1.4 18 12.7   
> 0.6 < 0.7 4 2.8 3 2.1 18 12.7   
> 0.5 < 0.6 8 5.6 5 3.5 17 12.0   
> 0.4 < 0.5 18 12.7 10 7.0 7 4.9   
> 0.3 < 0.4 36 25.4 22 15.5 6 4.2   
< 0.3 49 34.5 75 52.8 0 0.0   
a NRTE = Overall field non-radial technical efficiency. 
 
Table 4. Pearson’s correlation coefficient matrix of pairwise correlations between input efficiencies. 
 Nitrogen efficiency 
Herbicide 
efficiency 
Diesel 
efficiency 
Labor 
efficiency 
Other inputs 
efficiency 
 
NRTEa 
Irrigation water efficiency 0.640b 0.665 0.735 0.758 0.240 0.831 
Nitrogen efficiency  0.660 0.635 0.616 0.344 0.774 
Herbicide efficiency   0.807 0.793 0.533 0.901 
Diesel efficiency    0.985 0.431 0.941 
Labor efficiency     0.383 0.933 
Other inputs efficiency      0.558 
a NRTE = overall field non-radial technical efficiency. 
b All correlation coefficients are significant at the 95% confidence interval. 
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Effects of Field Characteristics on Irrigation Water Efficiency 
in Arkansas Rice Production
K.B. Watkins1, C.G. Henry2, J.T. Hardke3, R.U. Mane4, R. Mazzanti3, and R. Baker5
Abstract
Groundwater from the Mississippi River Valley alluvial aquifer is the major source of 
irrigation water in Arkansas. Significant downward pressure is being placed on this 
economically important water source, and rice accounts for a significant portion of the 
groundwater withdrawn. An earlier study by Watkins et al. (2019) was conducted to 
evaluate the technical efficiency of irrigation water and other rice production inputs 
using data from the University of Arkansas System Division of Agriculture's Rice Re-
search Verification Program. This study found average irrigation water efficiency for all 
142 fields to be 0.627, indicating irrigation water is over-applied on average by 37.3% 
across all 142 fields. The present study uses data from the former study to investigate 
the impacts of specific field characteristics on irrigation water efficiency using Tobit 
regression analysis. The results indicate that multiple-inlet rice irrigation (MIRI) and 
precision land grading (straight levees; zero-grade) significantly improve irrigation 
water efficiency on rice fields.
Introduction
Groundwater is the largest source of irrigation water in Arkansas, and approxi-
mately 94% of all groundwater used for irrigation comes from the Mississippi River 
Valley alluvial aquifer (Kresse et al., 2014). Large groundwater withdrawals are plac-
ing significant downward pressure on this economically important source of irrigation 
water, with 45% to 50% of current groundwater withdrawals from the Mississippi River 
Valley alluvial aquifer deemed sustainable (Kresse et al., 2014). Rice accounts for a 
1 Professor, Department of Agricultural Economics and Agribusiness, Rice Research and Extension 
Center, Stuttgart.
2 Associate Professor and Water Management Engineer, Department of Biological and Agricultural 
Engineering, Rice Research and Extension Center, Stuttgart.
3 Rice Extension Agronomist, Rice Verification Program Coordinator, respectively, Department of Crop, 
Soil, and Environmental Sciences, Rice Research and Extension Center, Stuttgart.
4 Assistant Professor, University of Arkansas, Pine Bluff.
5 Rice Verification Program Coordinator, Department of Crop, Soil, and Environmental  
Sciences, Piggott.
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significant portion of the groundwater withdrawn from the Mississippi River Valley 
alluvial aquifer (Reba et al., 2017). Improving irrigation efficiency in rice production 
is thus of paramount importance in Arkansas. Several water-conserving irrigation prac-
tices have been initiated by rice producers already, including construction of tailwater 
recovery systems and on-farm reservoirs, utilization of multiple-inlet rice irrigation 
(MIRI) with poly pipe, and precision land grading (land-leveling) (Kresse et al., 2014; 
Reba et al., 2017). 
Declining groundwater availability negatively impacts the future sustainability 
of Arkansas rice production and places weight on adoption of production practices 
that utilize irrigation water more efficiently. An earlier study by Watkins et al. (2019) 
evaluated the technical efficiencies of various rice production inputs using data from 
142 fields enrolled in the University of Arkansas System Division of Agriculture's Rice 
Research Verification Program (RRVP). The former study found the average irrigation 
water technical efficiency for all 142 fields to be 0.627, indicating irrigation water is 
over-applied on average by 37.3% across all 142 fields. However, a  large portion of 
fields in the analysis (60 out of 142 fields or 42.3% of the fields evaluated) have irrigation 
water efficiencies less than 0.5, indicating many fields are over-applying irrigation water 
by over 50%. The present study seeks to evaluate the impacts of field characteristics on 
irrigation water efficiency using Tobit regression analysis.
Procedures
Irrigation water use efficiency for field i (IWEi) takes on a value between 0 and 1, 
with IWEi = 1 indicating the field is technically efficient in irrigation water, and IWEi < 
1 indicating the field is technically inefficient, with the level of inefficiency (or over-
use of irrigation water) equal to 1 – IWEi. Of the 142 fields evaluated in the Watkins 
et al. (2019) study, 34 (23.9%) were technically efficient (IWEi = 1), while 108 fields 
(76.1%) were inefficient in irrigation water application (IWEi < 1). A two-limit Tobit 
region model (Maddala, 1983) will be utilized because the dependent variable in this 
study (IWEi) is bounded between 0 and 1. The Tobit model is expressed as follows:
where IWEi * = a latent variable representing the irrigation water efficiency score for 
field i; β0 and βn are unknown parameters to estimate; xin = 1 to N explanatory variables 
associated with field i; and εi = an error term that is independently and normally distrib-
uted with zero mean and constant variance σ2. The latent variable  IWEi * is expressed in 
terms of the observed IWEi (the calculated irrigation water efficiency score) as follows:
IWEi = 1 if IWEi * ≥ 1
IWEi = IWEi * if 0 ≤  IWEi * ≤ 1
IWEi = 0 if IWEi * ≤ 0
𝐼𝐼𝐼𝐼𝐼𝐼$
∗ = 𝛽𝛽( +*𝛽𝛽+𝑥𝑥$+ +
-
+./
𝜀𝜀$, 𝜀𝜀$~𝐼𝐼𝐼𝐼(0, 𝜎𝜎7) 
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The explanatory variables used in the Tobit regression are listed in Table 1. Explan-
atory variables include field size, the year the field was enrolled in the program (2005, 
2006, …, 2017), the soil texture of the field (silt loam, clay, other soil), the cultivar type 
used on the field (conventional, medium-grain, Clearfield, hybrid, Clearfield-hybrid), 
the crop grown in the previous year (soybean, rice, other crop), the water source for 
the field (groundwater, surface water), the field topography and/or water management 
chosen for water movement across the field (contour levee with no MIRI, contour levee 
with MIRI, straight levee with no MIRI, straight levee with MIRI, zero-grade, furrow 
irrigation), and the irrigation power unit used on the field (diesel, electric). Field size is 
measured in acres. All other explanatory variables are zero-one dummy variables (one 
if field was enrolled in 2017, zero otherwise; one if field was planted to a “conventional 
long-grain” rice variety, zero otherwise, etc.). 
Results and Discussion
Tobit analysis results of field characteristic impacts on irrigation water efficiency 
are presented in Table 2. The Tobit model was estimated using Stata: Release 15 (Stata-
Corp., College Station, Texas). Field characteristic variables omitted from the model as 
listed in Table 1 include: 2017, Silt Loam Soil, Conventional, Soybean, Groundwater, 
Contour-No MIRI, and Diesel. The effects of these variables are captured in the inter-
cept of the model.  
The coefficient for field size is positive and highly significant (at the 1% level) 
for irrigation water efficiency, implying increasing field size has a strong positive 
impact on irrigation water efficiency (Table 2). The year each field was enrolled into 
the RRVP significantly impacts irrigation water efficiency scores, particularly if the 
year was hot and dry (i.e., 2005, 2010) had a cool or wet spring delaying planting (i.e., 
2006, 2011), or was uncharacteristically wet shortly before harvest (i.e., 2016). Other 
soil had a significant negative impact on irrigation water efficiency. Fields with other 
soil textures besides silt loam or clay tend to be marginal rice fields. 
Medium-grain rice has a positive and significant impact on irrigation water ef-
ficiency (Table 2). Medium-grain rice tends to be higher yielding and often receives 
a price premium relative to conventional long-grain rice cultivars in most production 
years. Hybrids and Clearfield hybrids also have a significant positive impact on ir-
rigation water efficiency. Nalley et al. (2014) found increased water efficiency with 
hybrids and Clearfield hybrids relative to conventional rice cultivars due to a shorter 
growing season and thus less time under a flood for hybrid-type cultivars relative to 
conventional cultivars. 
Fields with rice as the previous crop in the rotation have a significant negative 
impact on irrigation water efficiency (Table 2). Anders et al. (2007) found grain yields 
for rice following rice were significantly lower than grain yields of rice following 
soybeans due to lower plant nitrogen uptake in the former system. Consequently, rice 
following rice requires more applied nitrogen in the growing season relative to rice 
following soybeans. 
The water source for the field (surface water versus ground water) has no sig-
nificant impacts on irrigation water efficiency (Table 2). However, field topography 
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and/or the use of MIRI does significantly impact efficiency scores. Adding MIRI to 
contour levee fields (Contour-MIRI) significantly increases irrigation water efficiency 
at the 5% level of significance. Straight levee fields without MIRI (Straight-No MIRI) 
increases irrigation water efficiency at the 1% level of significance, while straight le-
vees with MIRI (Straight-MIRI) increase irrigation water efficiency at the 10% level 
of significance. Zero-grade fields significantly increase water use efficiency at the 1% 
level of significance. Furrow irrigation did not have a significant impact on irrigation 
water efficiency. 
The impact of using electric irrigation power on irrigation water efficiency is sur-
prising. Many Arkansas rice producers transitioned away from diesel in favor of electric 
irrigation power in an effort to reduce irrigation energy costs resulting from high diesel 
prices in the latter 2000s. However electric irrigation power has a significant negative 
impact on irrigation water efficiency, implying RRVP fields using electric irrigation 
power overused irrigation water relative to RRVP fields using diesel irrigation power 
(Table 2). A likely reason for this result is that producers seeking to reduce pumping 
costs by switching to electric power units may not have taken any other measures to 
physically reduce irrigation water pumped on their fields.
Table 2 also presents the average marginal effects of each field characteristic 
variable on irrigation water efficiency obtained from the Tobit model. For example, 
increasing the size of a field by 1 ac would result in an increase in irrigation water 
efficiency of 0.002; or and increase of 0.002% in irrigation water efficiency for each 
additional acre added to the field. For all other explanatory variables that are zero-one 
dummy variables, the average marginal effect represents a discrete change in irrigation 
water efficiency when the dummy variable changes from 0 to 1; or in other words, when 
the field characteristic in question is present. For example, the average marginal effect 
for Zero Grade in Table 2 is 0.252, indicating that irrigation water efficiency increases 
by 25.2% for a field with zero grade topography.
Significance of Findings
The Tobit regression analysis provides evidence that utilization of MIRI and preci-
sion land grading (i.e., straight levees; zero-grade) significantly improve irrigation water 
efficiency on rice fields. The latter, precision land grading, represents capital investments 
that may be costly, while the former, MIRI, represents a relatively inexpensive mode 
of water delivery. Hardke (2018) reports that MIRI was used on slightly over 33% of 
rice acres in 2017, while over one half of all rice acres in 2017 were either precision 
leveled or zero-grade. Thus, potential is available to increase water use efficiency in 
the state by greater adoption of MIRI and precision land leveling. 
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Table 1. Field characteristic variables used in the Tobit analysis. 
Field 
characteristic Description Numbera Mean 
Field Size Size of field (acres) 142 53.1 
2017 Field in Rice Research Verification Program in 2017 10 0.070 
2016 Field in Rice Research Verification Program in 2016 9 0.063 
2015 Field in Rice Research Verification Program in 2015 14 0.099 
2014 Field in Rice Research Verification Program in 2014 11 0.077 
2013 Field in Rice Research Verification Program in 2013 9 0.063 
2012 Field in Rice Research Verification Program in 2012 8 0.056 
2011 Field in Rice Research Verification Program in 2011 12 0.085 
2010 Field in Rice Research Verification Program in 2010 9 0.063 
2009 Field in Rice Research Verification Program in 2009 13 0.092 
2008 Field in Rice Research Verification Program in 2008 12 0.085 
2007 Field in Rice Research Verification Program in 2007 8 0.056 
2006 Field in Rice Research Verification Program in 2006 12 0.085 
2005 Field in Rice Research Verification Program in 2005 15 0.106 
Silt Loam Soil Soils with silt loam texture 78 0.549 
Clay Soils with clay texture 57 0.401 
Other Soil Soils with other texture (sand; mixed silt loam and clay) 7 0.049 
Conventional Conventional long grain public varieties 56 0.394 
Medium Grain Conventional medium grain public varieties 13 0.092 
Clearfield Clearfield varieties 15 0.106 
Hybrid Hybrid varieties 25 0.176 
Clearfield Hybrid Clearfield hybrid varieties 33 0.232 
Soybean Soybean planted in the field previous year 94 0.662 
Rice Rice planted in the field previous year 34 0.239 
Other Crop Grain sorghum, corn, fallow previous year 14 0.099 
Groundwater Water supplied by groundwater (well) source 108 0.761 
Surface Water Water supplied by surface water source 34 0.239 
Contour-No MIRI Contour levees, no multiple inlet rice irrigation 36 0.254 
Contour-MIRI Contour levees, multiple inlet rice irrigation 14 0.099 
Straight-No MIRI Straight levees, no multiple inlet rice irrigation 39 0.275 
Straight-MIRI Straight levees, multiple inlet rice irrigation 28 0.197 
Zero-Grade Field has been graded to a zero slope 21 0.148 
Furrow Furrow (row rice) irrigation 4 0.028 
Diesel Diesel irrigation power unit 96 0.676 
Electric Electric irrigation power unit 46 0.324 
a Number of fields. The Tobit analysis included 142 fields enrolled in the University of Arkansas 
  System Division of Agriculture’s Rice Research Verification Program for the period 2005–2017. 
 
437
  B.R. Wells Arkansas Rice Research Studies 2018
Table 2. Tobit analysis and average marginal effects of irrigation water 
efficiency as a function of field characteristics. 
Independent variables Tobit coefficients Average marginal effects 
Field size 0.002 ***a 0.002 *** 
   (0.001)b (0.001) 
2016 -0.247 ** -0.199 ** 
 (0.101) (0.081) 
2015 -0.216 ** -0.173 ** 
 (0.091) (0.073) 
2014 -0.035 -0.028 
 (0.097) (0.078) 
2013 0.055 0.044 
 (0.107) (0.086) 
2012 -0.072 -0.058 
 (0.106) (0.085) 
2011 -0.274 ** -0.220 *** 
 (0.106) (0.084) 
2010 -0.504 *** -0.405 *** 
 (0.104) (0.081) 
2009 -0.004 -0.004 
 (0.099) (0.079) 
2008 0.119 0.096 
 (0.106) (0.085) 
2007 -0.079 -0.063 
 (0.108) (0.087) 
2006 -0.383 *** -0.307 *** 
 (0.102) (0.081) 
2005 -0.510 *** -0.410 *** 
 (0.097) (0.075) 
Clay 0.066 0.053 
 (0.041) (0.033) 
Other Soil -0.231 ** -0.185 ** 
 (0.111) (0.088) 
Medium grain 0.451 *** 0.362 *** 
 (0.092) (0.071) 
Clearfield 0.104 0.083 
 (0.072) (0.058) 
Hybrid 0.118 ** 0.095 ** 
 (0.060) (0.048) 
Clearfield hybrid 0.170 *** 0.137 *** 
 (0.056) (0.044) 
 continued
  AAES Research Series 659
438
Table 2. Continued. 
Independent variables Tobit coefficients Average marginal effects 
Rice -0.117 ** -0.094 ** 
 (0.053) (0.042) 
Other Crop 0.081 0.065 
 (0.071) (0.057) 
Surface -0.045 -0.036 
 (0.050) (0.040) 
Contour, MIRI 0.176 ** 0.141 ** 
 (0.072) (0.058) 
Straight, No MIRI 0.146 *** 0.117 *** 
 (0.054) (0.043) 
Straight, MIRI 0.102 * 0.082 * 
 (0.058) (0.047) 
Zero Grade 0.313 *** 0.252 *** 
 (0.077) (0.060) 
Furrow  -0.063 -0.051 
 (0.123) (0.099) 
Electric  -0.224 *** -0.180 *** 
 (0.048) (0.038) 
Intercept 0.572 ***  
 (0.097)  
Observations 142  
LR Chi2 145.4 ***  
a Asterisks ***, **, and * represent statistical significance at the 1%, 5%, and 
  10% levels, respectively.  
b Numbers in parentheses are standard errors. 
 
 
439
ECONOMICS
2018 Farm Bill Commodity Program Analysis for Arkansas Farms 
G. Wilson1, A. Durand-Morat1, G. Okpiaifo1, and E.J. Wailes1
Abstract
The 2014 Farm Bill expired on September 30th, and the Agriculture Improvement Act 
of 2018 (2018 Farm Bill) was signed into law on 20 December, 2018. For the most part, 
the 2018 Farm Bill looks very much like the previous legislation. Among other changes, 
it introduces small adjustments to the commodity programs (Title I), specifically the 
Price Loss Coverage (PLC) and the Agriculture Risk Coverage (ARC) programs, which 
could potentially affect total commodity program payments and net farm income. The 
objective of this study is to assess the adequacy of the commodity programs under the 
2018 Farm Bill. Five Arkansas Representative Farms developed by the Texas A&M 
Agricultural and Food Policy Center are used to analyze the impact of policy changes 
on program payments, payment limits and overall farm performance. The production 
and financial characteristics of these farms are projected for 2017 to 2023. Substantial 
program payments are expected in each projected year and a high likelihood of reaching 
the program payment limits. Projected program payments also are expected to have a 
positive impact on net income, leading to stronger farm performance across the five 
representative farms. 
Introduction
Many farms in Arkansas rely on commodity program payments to maintain fi-
nancial viability year to year. The passage of the Agriculture Improvement Act of 2018 
(2018 Farm Bill)  in December brought about relatively minor changes to the Price Loss 
Coverage (PLC) and Agricultural Risk Coverage (ARC) programs that many farmers 
in Arkansas rely on, but some of these farm bill revisions have the potential to affect 
the overall payments received by Arkansas producers. 
The 2014 Farm Bill brought substantial changes to Title I Commodity Programs. 
It ended direct payments and countercyclical payments and replaced them with the PLC 
and ARC programs. Beginning in 2015, farmers could elect which program each com-
modity on their farm would be enrolled in. Once this choice was made, that crop was 
left in the same program for the duration of the farm bill. The PLC program generates 
1 Graduate Assistant, Assistant Professor, Graduate Assistant, and Distinguished Professor, respectively, 
Department of Agricultural Economics and Agribusiness, Fayetteville.
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payments if the national marketing year price is below the statutory reference price. 
Total PLC payments per commodity are estimated as the payment rate times the PLC 
payment yield (based on historical on-farm yield data) times 85% of the commodity 
base acres. The ARC program makes payments based on county revenue levels and 
farm base acres. Historical (5-year Olympic average) county yields and national aver-
age market prices define a benchmark level of revenue, while current average county 
yields and national average market prices define the actual crop revenue. The ARC 
payments are made if the actual county revenue for a crop year falls below 86% of 
the benchmark revenue. Similar to PLC, payments are made on 85% of base acres of 
covered commodities. 
The 2018 Farm Bill introduces minor changes to both the ARC and PLC programs. 
The PLC program allows producers a one-time choice to update PLC payment yield 
using a ratio of national yield in the 2008 to 2012 crop years to the yield in the 2013 to 
2017 crop years. This ratio is applied to historical on-farm yields to generate the new 
payment yield number (Coppess et al., 2018). The PLC program keeps reference prices 
at their 2014 level, but adds an elevator mechanism that allows prices to increase to 
as much as 115% of their original levels if national prices are high (The Agricultural 
Improvement Act of 2018, H.R. 2, 2018). 
The ARC program also includes minor updates that may affect payments received 
by farmers. Under the 2014 legislation, historical county yields (used to estimate the 
benchmark revenue) that were below Risk Management Agency (RMA)-estimated 
transitional yields were replaced by a “plug yield” equal to 70% of that transitional 
yield. The 2018 farm bill increases this percentage to 80%. The 2018 Farm Bill also 
incorporates a trend-adjustment factor for the ARC program that will boost county 
yields. This adjustment factor is the same as the trend adjustment rate used by RMA 
to adjust crop insurance yields (Coppess et al., 2018). These two changes increase the 
odds of getting higher benchmark revenues and consequently higher ARC payments.
The most substantial change under Title I in the new farm bill is the ability to 
switch crop enrollment between programs every year. Beginning in 2019, farmers can 
choose which commodities go into which program for the 2019 and 2020 crop years. 
Starting in 2021, farmers can choose annually in which program they will enroll each 
commodity. This change is expected to bring about substantial payments changes since 
rates between programs vary substantially for most commodities (Coppess et al., 2018).
In this study, the focus is on the financial status of five representative farms located 
in Stuttgart, Wynne, McGehee, Hoxie, and Mississippi County for the upcoming farm 
bill period 2019 through 2023. Figure 1 shows the composition of each of the five farms 
included in this analysis. The viability of each commodity program is examined for 
each crop on a given farm to determine the payment maximizing program for a given 
commodity. Also examined are average annual program payments for the 2019 to 2023 
period to determine the payment maximizing combination under the 2018 Farm Bill.
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Procedures
Model Description
The five Arkansas representative farms are built based on financial data files made 
available by the Texas A&M Agricultural and Food Policy Center (AFPC). The AFPC 
develops and maintains 94 representative crop, dairy, and livestock operations in major 
production areas in 29 states with a stated purpose of projecting the economic viability 
of these farms. Baseline data are developed through ongoing cooperation with panels 
of agricultural producers in the selected states (Richardson et al., 2017). The five Ar-
kansas farms covered in this paper are included in the AFPC portfolio of representative 
farms. The 2016 data for Arkansas farms were developed with panels of farmers and 
with the participation of the Arkansas research and extension personnel. This data was 
extended for the years 2017 to 2023 based on currently available information specific 
to the state; most notably prices and various costs including input costs, drying costs, 
and the costs of machinery and equipment. The updated input cost projections are based 
on the November 2018 baseline of the Food and Agricultural Policy Research Institute. 
We run the models stochastically using @Risk to assess impact of yield and price 
variabilities. Average program payments are examined under three main scenarios.1 
1. Scenario 1: 2014 Farm Bill – continuation of the 2014 Farm Bill, leaving 
each commodity enrolled in its original program selection.
2. Scenario 2: 2018 Farm Bill – introduces the 2018 Farm Bill changes to 
PLC and ARC, but leaves commodity enrollment unchanged from the 2014 
Farm Bill.
3. Scenario 3: 2018 Farm Bill Max – introduces the 2018 Farm Bill changes to 
PLC and ARC, and enrolls commodities with the goal of maximizing aver-
age program payments. 
Results and Discussion
Figures 2 and 3 show the average annual payments and the program payment vari- 
ability for each farm under each of the three scenarios, respectively. Maintaining crop 
enrollment unchanged under the 2018 Farm Bill (Scenario 2) results in slight program 
payment losses relative to the 2014 Farm Bill (Scenario 1) for all farms except Missis-
sippi County. Farmers can benefit slightly from choosing the crop enrollment combina-
tion that maximizes program payments (Scenario 3) since it increases program payments 
for all farms relative to Scenario 2. Scenario 3 generates the largest absolute and relative 
gains for the Wynne farm (i.e., $10,545 or 6.7%), and gains of less than 4% in all other 
farms. Payments under Scenario 3 are also less risky than under scenario 2 for all farms.
Table 1 shows the program-payment maximizing selection and the average an-
nual payment rate per farm, crop, and year. Given the information currently available, 
we conclude that PLC is overwhelmingly the preferred choice, except for corn in the 
2021 to 2023 period on the Mississippi County farm where ARC is the preferred option. 
1  Program payments do not adhere to payments limits in this analysis to allow us to see 
the total possible payments.
  AAES Research Series 659
442
Based on the evidence included in this analysis, it is concluded that the 2018 farm 
bill does little to change payment levels received by farmers when commodities are left 
in their 2014 Farm Bill program. The simulations suggest that switching all crops into 
PLC every year will generate the largest increases in payments, with the exception of 
the Mississippi County farm that will benefit from enrolling corn in ARC in the 2021 
to 2023 period. 
Significance of Findings
This study emphasizes the importance of Title I programs for Arkansas farmers, 
and offers an initial look at how the updated legislation can affect program payments. 
Many Arkansas farmers rely on government payments to maintain viability on their 
farms, so a comparison of possible payments under the 2018 Farm Bill can help pro-
ducers in their decision-making process.
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 Fig. 1. Composition of Arkansas representative farms (LG = long-grain rice; MG = 
medium-grain rice; Irr. = Irrigated; Dry = Non-irrigated).
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 Fig. 2. Average 2019 to 2023 annual commodity program payments 
by farm and scenario.
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 Fig. 3. Variability of 2019-2023 annual commodity program payments 
by farm and scenario.
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Table 1. Payment-maximizing program selection and average payment rate ($/unit) per crop.a 
Farm/cropb 2019 2020 2021 2022 2023 
Wynne      
Irr. soybeans PLCc; $0.50 PLC; $0.41 PLC; $0.39 PLC; $0.45 PLC; $0.52 
LG rice PLC; $2.54 PLC; $2.55 PLC; $2.54 PLC; $2.42 PLC; $2.37 
Stuttgart      
Irr. soybeans PLC; $0.50  PLC; $0.41 PLC; $0.38 PLC; $0.42 PLC; $0.45 
LG rice PLC; $2.54 PLC; $2.55 PLC; $2.54 PLC; $2.42 PLC; $2.37 
Hoxie      
Irr. soybeans PLC; $0.53 PLC; $0.44 PLC; $0.45 PLC; $0.53 PLC; $0.56 
LG rice PLC; $2.56 PLC; $2.56 PLC; $2.55 PLC; $2.43 PLC; $2.38 
Corn PLC; $0.16 PLC; $0.15 PLC; $0.15 PLC; $0.19 PLC; $0.21 
MG rice PLC; $1.99 PLC; $2.04 PLC; $2.35 PLC; $2.35 PLC; $2.41 
Dry soybeans PLC; $0.53 PLC; $0.44 PLC; $0.45 PLC; $0.53 PLC; $0.56 
Mississippi Co.      
Irr. Soybeans PLC; $0.53 PLC; $0.43 PLC; $0.44 PLC; $0.52 PLC; $0.55 
Corn PLC; $0.16 PLC; $0.15 ARCd; $24.61 ARC; $41.58 ARC; $61.49 
Cotton PLC $0.019 PLC; $0.019 PLC; $0.023 PLC; $0.022 PLC; $0.022 
Peanuts PLC; $118.47 PLC; $112.92 PLC; $94.87 PLC; $94.87 PLC; $95.68 
McGehee      
Irr. Soybeans PLC; $0.50 PLC; $0.41 PLC; $0.38 PLC; $0.44 PLC; $0.45 
LG rice PLC; $2.54 PLC; $2.55 PLC; $2.54 PLC; $2.42 PLC; $2.37 
Corn PLC; $0.15 PLC; $0.15 PLC; $0.14 PLC; $0.15 PLC; $0.19 
a  Rice–$/hundred weight (cwt); Soybean–$/bu.; Corn–$/bu.; Cotton–$/lb; and Peanut–$/ton. 
b LG = long-grain rice; MG = medium-grain rice; Irr. = Irrigated; Dry = Non-irrigated. 
c PLC = Price Loss Coverage program. 
d ARC = Agriculture Risk Coverage program. 
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